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The  report  of  in  AS^Jp  Working  Group  reviews  crier.iatiori/disorientation  training  of 
rr;iiilar%  a id  civilian  aircrew  in  NATO  countries.  Deficiencies  in  current  programmes  ai'e 
discussed  and  24  recommendations  made  for  improvement,  cf  ground  and  in-tlight  training. 
Sections  o;  the  report  review  gioinra  based  training  techniques,  the  use  of  familiarisation 
de»  ices,  more  '.omplex  trainers,  and  aspects  of  in-f.ight  training.  Descriptions  of  the 
erndret  of  ground  and  iri-rnght  demonstrations,  a specimen  lecture  syllabus,  and  a 
specification  for  a farnuiarisation  device,  are  given.  Topics  requiring  further  research  or 
develooment  are  identified. 
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MaDOCovie  lo  4 wu  dlccontinued  after  the  firat  sortie  at  erroneoua  sensations  were  not  induced. 
Manoeuvre  Mo  S in  each  version  was  perfoned  twice.  At  no  tine  was  any  type  of  vertigo  encontered. 
DISCUSSICH 


The  test  nanoe.vrct  were  chosen  in  an  atCenpt  to  reproduce  coanonly  reported  types  of  spatial  dis- 
orientation, sudt  at  occur  during  typical  woven  nts  of  the  aircraft  in  Instnwent  Meteorologicsl  Condi- 
tions. Spatial  disorientation  attributable  to  u.  false  perception  of  external  visual  cues  it  not 
covered  by  this  paper  and  aust  be  a subject  for  further  study. 

Theoretically,  the  disorientating  sensatioca  which  should  be  evoked  by  dte  five  aanoeuvret  are: 

i Leans  coidiined  with  oculogrsvic  illusion 

ii  Sowatogravic  illusion 

iii  Leans 

rv  G-force  induced  illusion 
V Cross-coupled  or  Coriclis  responses 

As  it  is  necessary  to  assess  the  reliability  of  the  nanoeuvres  as  an  effective  denonstration  of  typical 
types  of  disorientation,  a greater  niad>er  of  test-persons  will  have  to  be  flown.  Mevertheless,  these 
preliminary  experiments  lead  to  some  tentative  conclusions. 

1.  Only  the  leans  and  the  sonatogr'wic  illusion  seem  to  be  suitable  for  an  effective  in-flight  denonstra- 
tion. Each  of  these  two  types  of  spatial  disorientation,  where  there  is  a false  perception  of  attitude,  can 
be  induced  by  siore  than  one  manoeuvre,  or  alternatively  both  may  be  elicited  in  a single  manoeuvre. 

2.  In  spite  of  the  limitations  in  the  selection  of  the  manoeuvres  iiqiosed  by  general  instrument  flight 
conditions,  there  are  several  typical  situations  comaon  to  almost  every  instrument  flight  mission,  which 
are  able  to,  or  even  do,  produce  disorientation. 

3.  No  cross-coupled  or  Coriolis  effect  was  produced,  not  even  when  large  head  movements  were  made  during 
rapid  roll-out  movements  of  the  aircraft.  However,  the  test  was  carried  out  during  a standard  rate  turn 
where  the  angular  velocity  was  only  3°/sec,  a value  which  is  very  close  to  the  sensory  threshold  for  the 
sc=i circular  canals.  In  addition,  the  resultant  force  vector  was  only  1.16  G,  so  it  was  also  unlikely 
that  head  movements  would  induce  a false  perception  of  attitude  attributable  to  the  'G  excess  illusion'. 

CONCLUSION 


Provided  disorientation  danger  only  means  spatial  disorientation  arising  from  normal  regular  flying 
in  Instrument  Meteorological  Conditions  (with  the  exception  of  those  escapades  where  pilots  fail  to 
observe  the  rules)  one  should  hope  that  the  in-flight  demonstration  of  the  leans  and  the  somatogravic 
illusion  will  be  able  to  reduce  flight  accidents  due  to  sp-.tial  disorientation.  Further  tests  with  a 
greater  number  of  subjects  in  order  to  get  a statistical  base  and  more  information  are  recomnended  and 
should  be  arranged. 
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PKEFACE  TO  RECOWgliDATIOBS 

The  AGUES  Voifcing  Group  on  Orientation/Dieorientction  Training  haw  prodi'SEO  the  folloiring  recoMe.-d- 
atiooa  for  the  ii^roueaent  of  aircrew  training  whidi,  if  u^leaented,  ahcald  reduce  the  incidence  of  orien- 
tation error  accidents.  The  Group  is  aware  Aac  no  a priori  cost-benefit  figures  aajr  be  cited  to  prove 
that  the  thoughtful  institution  of  a set  of  training  procedures  is  a worthwhile  approach  to  take  to  reduce 
orientation-error  accidents.  Bowevei.-,  it  is  clear  that  disorientation  incidents  and  accidents  continue  to 
occur  and  that  their  frequency  has  not  diainished  over  the  yc.vra.  It  is  also  clear  that  a fundasental, 
tiu-tested  approach  to  the  reduction  of  accidents  involves  safety  prograssKS  ar.d  training.  Industries, 
vbidi  are  concerned  with  profit,  make  use  of  such  prograaaes. 

In  the  opinion  of  the  Working  Groiq>,  the  likely  alternative  to  the  reconendations  noted  below  is  to 
do  nothing  about  disorientation;  indeed,  this  laissez-faire  approach  is  occ  vh'ch  sone  nenbers  of  the  Gro'ip 
have  encoimtered  on  the  part  of  aviation  officials  who  are  in  a position  to  suke  decisions  regarding  pro- 
graaaes,  but  who  do  not  have  specialized  training  in  areas  of  spatial  orientation.  We  suggest  instead  that 
something  be  done  - specifically,  what  we  have  outlined  below  - and  that  its  effectiveness  be  tested  by 
comparing  annual  disorientation  statistics  for  a 5-year  period  prior  to  institution  of  the  programie  with 
disorientation  statistics  for  the  S-year  period  following  the  start  of  the  programae.  Disorientation  acci- 
dents in  the  US  Air  Force  during  1972  cost  the  govermvent  $20,200,000  in  air  frames  alone,  not  to  mention 
the  inestimable  value  of  the  aircrew  killed.  If  our  proposals  prevented  just  one  such  accident  per  year, 
it  would  more  than  pay  for  the  training  programne. 

Wc  feel  that  the  undertaking  of  a conq>rehensive  orientation  training  programme  is  a reasonable 
approach  to  the  problem  of  reducing  disorientation  accidents;  we  do  not  fe2l  that  it  is  reasonable  to  do 
nothing  about  such  accidents  on  the  inq>lication  that  there  is  no  before-the-fact  proof  that  the  programne 
wil’..  work.  The  latter  view  involves  a circular  argument;  if  a programne  is  not  tried  out,  one  can  never 
demonstrate  that  it  works. 


si;,; 


RECOMCNDATIONS 


CEMEBAL 

1.  Orientatioa/disorientation  t.aining  should  be  given  both  on  the  ground  and  in  the  air.  In  each 
Service  or  Organisation  those  responsible  for  the  ground  school  phase  of  training  should  discuss  the 
overall  prograsK  with  those  responsible  for  flying  training  and  together  they  should  develop  an  integrated 
syllabus  appropriate  to  the  needs  of  the  flying  personnel  for  whom  they  are  responsible.  (5:1)* 

2.  Orientation/disorientation  training  should  not  be  restricted  to  student  aircrew.  Experienced  aircrew 
also  suffer  orientation  error  accidents  and  hence  should  be  given  regular  refresher  training  about  the 
hazards  of  disorientation.  (3:1) 

3.  Aircrew  should  never  hear  about  disorientation  without  being  given  instruction  on  how  to  deal  with 
the  problem  in  fli^t.  (6:4) 

4.  The  tine  devoted  to  orientation/disorientation  training  of  aircrew  during  the  basic  and  advanced 
phases  of  flying  training  should  be  in  accord  with  the  recommendations  made  in  Table  5.  Refresher  training 
should  be  given  at  intervals  of  not  more  than  3 yr.  (10:1) 

GROUMD  TRAINING 

5.  Instruction  on  spatial  disorientation  should  be  Included  in  the  syllabus  of  basic  aeromedical  training 
of  all  student  aircrew,  both  in  military  and  civil  aviation.  The  opinion  that  adequate  knowledge  of  this 
topic  will  be  gained  during  normal  flight  training  is  not  justified.  (6:1) 

6.  Lectures  and  lecture/demonstrations  on  orientation  and  disorientation  in  fli^t  should  endeavour  to 

cover  the  specimen  syllabus  detailed  in  Annex  C.2.  (6:2) 

7.  When  the  time  available  for  instruction  is  limited,  it  is  better  to  emphasise  the  practical  implica- 
tions and  causes  of  spatial  disorientation  than  to  describe  vestibular  and  other  sensory  mechanisms.  (6:3) 

8.  Those  engaged  in  the  orientation/disorientation  training  of  aircrew  should  themselves  be  well  informed 
or.  the  topic  and  be  capable  of  answering  relevant  questions  posed  by  the  students.  AGARDograph  170  'Spatial 
Disorientation  in  Flight'  is  recommended  as  a source  book.  (6:5) 

9.  Visual  aids  should  be  eraploy-’d.  The  FAA  slide  set  'Vertigo'  a»id  the  film  'Perception  of  Orientation' 
(RCAF  22025)  are  recommended  for  English  speaking  aircrew.  (6:6) 

10.  Some  form  of  rotational  device  should  be  employed  for  the  familiarisation  training  of  aircrew  in 
ground  schools.  Preferably  the  device  should  be  used  in  conjunction  with  lectures.  All  members  of  the 
group  under  instruction  should  have  experience  in  the  device.  (7:1) 

11.  A device  with  rotational  freedom  about  a vertical  (yaw)  axis  is  adequate  for  familiarisation  training. 
The  provision  of  rotation  in  roll  and/or  pitch  is  not  considered  to  be  cost-effective.  (7:2) 


* Figures  in  parentheses  indicate  section  and  number  of  recoranendation  in  text. 


3 

12.  The  ability  to  rotate  the  aubject  at  a distance  fion  the  axis  of  rotation  sufficient  to  generate  a 
radial  acceleration  of  0.2  - 0.5  G is  advantageous  and  allows  soaatogravic  and  allied  illusions  to  be 
denonstrated.  (7:3) 

13.  The  perfonaance  and  facilities  of  the  faailiarisation  device  should  be  in  accord  with  the  specifica- 
tions given  in  Section  7e.  (7:4) 

T8AD1IKG  IS  FLIGHT 

14.  All  student  pilots,  both  military  and  civilian,  should  be  given  an  in-flight  demonstration  of  spatial 
disorientation  preferably  before  being  allowed  to  fly  ‘solo*.  (9:1) 

15.  Further  demonstrations  should  be  given  during  the  early  phases  of  instriinent  flying  training.  (9:2) 

16.  Civilian  private  pilots  should  be  encouraged  t.i  obtain  an  instriasent  flying  rating.  (9:3) 

17.  As  skill  is  acquired  during  instrument  flying  training  the  student  should  be  required  to  fly  the  air- 
craft and  recover  satisfactorily  from  imusual  attitudes  in  Che  presence  of  disorientation  and  other 
stresses.  (9:5) 

18.  Senior  students  should  be  allowed  to  do  instrusient  flying  in  real,  rather  than  simulated.  Instrument 
Meteorological  Conditions,  and  should  be  introduced  to  operational  manoeuvres  during  flying  training,  when- 
ever possible.  (9:6) 

19.  Examination  of  the  pilot's  ability  to  recover  on  instruments  from  disorientating  unusual  positions 
should  be  a regular  feature  of  flying  proficiency  tests.  (9:7). 

RESEARCH  AND  DEVELCgMENT 

20.  Consideration  should  be  given  to  the  development  of  a programmed  text  on  spatial  disorientation  for 
aircrew  training  which  is  factually  accurate.  Audiovisual  techniques  or  a printed  text  could  be  enq>loyed. 
(6:7) 


21.  New  films,  film  ctrips  or  slide-sets  are  required  to  supplement  the  restricted  number  of  accurate  and 
acceptable  visual  aids  currently  available.  (6:8) 

22.  A distinction  should  be  made  between  motion  devices  used  for  familiarisation  training,  which  in  general 
operate  in  an  'open-loop'  mode  (i.e.  the  man  on  the  device  does  not  directly  control  its  motion)  and  those 
devices  which  operate  in  a 'closed- loop'  mode  (such  as  an  aircraft  simulator  with  a motion  platform)  and 
are  enq>loyed  to  modify  the  perceptual  and  motor  responses  of  the  aviator. 

Research  should  continue  on  the  evaluation  and  development  of  ground-based  procedures  which  might 
favourably  influence  the  perceptual  and  m.->tor  responses  of  the  aviator  in  the  flight  environment  when 
exposed  to  disorientation  stress.  Consideration  should  be  given  to  the  cost-effectiveness  of  such  training 
as  well  as  to  the  selective  use  of  the  procedure  in  th  aircrew  population.  (8:1) 

23.  Flight  trials  should  be  conducted  in  order  to  establish  ar.J  develop  manoeuvres  which  reliably  induce 
disorientating  sensations  in  aircrew  to  whom  a demonstration  is  being  given.  (9:7) 


Sect.  1.  INTR(»UCTIOM 


Part  of  the  aeeting  of  the  Aerospace  Medical  Panel  of  ACAKU  in  Septeiri>er  1971  was  devoted  to  the  topic 
of  spatial  disorientation  in  flight.  The  iaportance  of  training  both  oa  the  grouid  and  in  fli^t  in  reduc- 
ing the  incidence  of  spatial  disorientation  and  orientation  error  accidents  was  eophasised  by  aany  partici- 
pants and  as  a result  it  was  recoMended  that  a Working  Group  be  set  19  which  would  prepare  an  advisory 
report  on  orientation  training  (AGASD  CP-95,  1971).  Accordingly  a Working  Group  was  established  whose 
objective  was  'To  make  recosisendations  for  training  procedures  which  would  oinioise  spatial  disorientation 
in  fliglit  and  thereby  optinise  aission  effectiveness*  (ASMP/SR/28) . The  members  of  the  Working  Group  are 
named  in  Annex  A. 

The  first  meeting  of  the  Working  Group  was  held  on  29th  September  1971,  with  subsequent  meetings  on 
10th  hay  1972  , 4th  September  1972,  l6th  May  1973  and  4-5th  May  1974. 

This  report  sinamarises  the  work  carried  out  and  decisions  made  by  the  Working  Group;  it  is  intended, 
primarily,  a?  guidance  for  those  responsible  for  the  training  of  aircrew  rather  than  as  an  exegesis  of 
spatial  disorientation  for  flying  personnel. 


Sect.  2.  SPATIAL  DISORIENTATION  - THE  PRACTICAL  PROBLEM 


Adequate  spatial  orientation  in  flight  occurs  when  the  aviator  has  a correct  (veridical)  perception  of 
his  attitude,  motion  and  position  relative  to  the  surface  of  the  earth.  Spatial  disorientation  is  a term 
used  to  describe  incidents  in  which  the  aviator  fails  to  sense  correctly  his  position,  motion  or  attitude, 
or  that  of  his  aircraft,  relative  to  the  surface  of  the  earth  and  to  the  gravitational  vertical.  Apart 
from  false  sensations,  or  more  precisely  perceptions,  of  aircraft  orientation  there  are  also  incidents 
where  the  aviator  has  an  erroneous  or  disordered  perception  of  his  own  orientation  relative  to  the  aircraft 
and  these  too  may  be  embraced  within  a broader  definition  of  "spatial  disorientation  in  flight". 

Although  spatial  disorientation,  according  to  the  definition  given  above,  includes  errors  in  the  per- 
ception of  aircraft  position,  such  incidents  are  more  accurately  described  by  the  term  geographical  dis- 
orientation. Errors  in  the  determination  of  position  with  respect  to  fixed  co-ordinates  on  the  surface  of 
the  earth  are  thus  problems  of  aerial  navigation,  a task  requiring  different  skills  from  those  involved  in 
the  perception  of  aircraft  attitude  and  motion.  For  this  reason  the  topics  of  geographical  orientation  and 
disorientation  are  not  discussed  further  in  this  report. 

Spatial  disorientation  is  not  a new  problem  in  aviation,  for  early  in  the  history  of  powered  flight  it 
was  found  that  when  the  pilot  was  deprived  of  external  visual  cues,  as  when  flying  in  dense  cloud,  control 
of  the  aircraft  was  soon  lost  because  he  was  unable  to  sense  correctly  the  attitude  or  motion  of  his  air- 
craft. In  the  ensuing  half  century  much  has  been  done  to  supplement  the  sensory  system  of  the  aviator  by 
aircraft  instruments  and  other  aids.  Yet  the  fact  remains  that  in  the  unnatural  environment  of  flight  man, 
the  aviator,  is  exposed  to  motion  with  concomitant  linear  and  angular  accelerations  which  differ  in  inten- 
sity. magnitude,  and  duration  from  those  to  which  he  is  nori\ally  exposed  during  natural  activity  on  the 
ground.  Thus  in  flight,  sensory  systems,  which  are  functionally  adapted  to  transduce  correctly  the  linear 
and  angular  motion  stimuli  of  the  terrestrial  environment,  can  engender  false  o'*  inadequate  percepts  of 
spatial  orientation. 

Despite  a wide  understanding  of  the  vario'js  causes  and  manifestations  of  spatial  disorientation  in 
flight,  the  problem  is  not  yet  solved.  Each  year  aircraft  crash  and  aircrew  are  killed  because  the  pilot 
failed  to  detect  the  onset  of  disorientation,  and  based  his  control  of  the  aircraft  on  an  erroneous  percep- 
tion of  its  spatial  orientation.  Much  more  cosmon  than  the  'orientation  error'  accident  are  those  incidents 
in  which  the  aviator  has  to  resolve  sensory  conflict  (e.g.  he  may  feel  that  he  is  flying  in  a wing  low  atti- 
tude, but  instruments  tell  him  that  he  is  wings  level).  Commonly,  the  conflict  between  correct  and  false 
information  is  resolved  and  control  of  the  aircraft  is  not  impaired  in  any  way.  Nevertheless,  it  is  kmwn 
from  anecdotal  reports  that  conscious  attention  to  conflicting  sensations  definitely  degrades  the  aviator's 
ability  to  deal  efficiently  with  other  aspects  of  the  flying  task. 
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All  aircrew  have  apatial  disorientatioa  at  aoae  tine  or  other  during  their  career.  Indeed,  the  pre- 
aence  of  a aenaation  which  ia  in  conflict  with  the  true  orientation  of  the  aircraft  is  a quite  normal, 
physiological  response  to  particular  aircraft  motions.  However,  the  nature  of  the  false  sensation,  its 
intensity,  and  the  ease  with  which  orientational  conflict  is  resolved  do,  of  course,  differ  widely,  as 
does  the  frequency  of  occurrence  of  incidents  (Clark,  1971).  Some  pilots  may  be  aware  of  disorientating 
sensations  on  almost  every  fli^t,  others  may  be  troubled  only  once  in  every  SO  or  even  100  sorties 
(Aitken,  1962) . 

A good  deal  less  frequent  are  those  incidents  in  which  the  pilot  has  allowed  his  control  of  the  air- 
craft to  be  based  entirely  on  a false  perception  of  aircraft  orientation.  Fortunately,  the  pilot  usually 
detects  the  disorientation  on  checking  instnraents,  and  re-establishes  appropriate  control  once  the  con- 
flict between  erroneous  and  correct  cues  has  been  reconciled.  However,  situations  do  occur  in  which  the 
pilot  fails  to  realise  that  control  is  based  on  false  cues,  or  finds  out  too  late  to  take  corrective  action. 
Such  is  the  orientation  error  accident.  Available  figures  suggest  that  in  military  aviation  some  S-IOZ  of 
all  accidents  are  caused  by  spatial  disorientation  and  these  make  up  S-20Z  of  all  fatal  accidents  (Moser, 
1969;  Bamum  i Bonner,  1971;  Lofting,  1971;  Hixon  et  al,  1971).  In  private  flying,  excluding  commercial 
flying,  spatial  disorientation  probably  accounts  for  a considerably  greater  proportion  of  the  aircraft 
accidents.  For  example,  US  general  aviation  accident  statistics,  1964-/2,  show  that  the  three  categories: 
'became  lost/disorientated’,  'spatial  disorientation*  and  'continued  flight  into  weather'  accounted  for  37Z 
of  all  fatal  accidents . It  is  also  worthy  of  viote  that  in  both  military  and  private  aviation  the  proportion 
of  accidents  attributed  to  spatial  disorientation  has  remained  relatively  constant  over  the  past  decade. 
Disorientation  also  features  in  other  accidents  which  have,  as  a prime  cause,  some  other  factor,  such  as 
the  failure  of  an  aircraft  system  or  the  impairment  of  the  pilot  by  alcohol  or  hypoxia. 

Although  loss  of  control  and  an  aircraft  accident  are  the  most  serious  consequences  of  a false  or 
inadequate  perception,  it  is  recognised  that  tne  existence  of  a conflict,  commonly  between  false  sensations 
and  correct  cues  from  aircraft  instruments,  requires  the  aviator  to  resolve  this  conflict  and  in  so  doing 
direct  his  attention  away  from  other  aspects  of  the  flying  task.  Performance  can  also  be  degraded  by  high 
arousal  and  anxiety  engendered  by  perceptual  conflict  and,  in  par'ricular,  by  unexpected  and  unfamiliar 
sensations  (Benson,  1973).  In  addition  to  the  false  sensations  evoked  by  vestibular  stimulation  there  can 
be  concomitant  involuntary  movements  of  the  eyes,  limbs,  and  body  which  may  impair  vision  or  more  directly 
interfere  with  the  pilot's  control  of  the  aircraft.  The  importance  of  such  reflex  motor  responses  in  the 
disorganisation  of  control  is  at  present  largely  conjectural  though  gross  disturbances  of  muscular  activity, 
graphically  named  the  'Giant  Hand'  phenomenon,  ..ave  been  described  (Malcom  i Money,  1971). 

Apart  from  the  immediate  effects  of  disorientating  and  dissociative  sensations  which  more  or  less 
directly  impair  flight  safety,  in  a smfll  number  of  aircrew  such  perceptual  disturbances  are  the  precipitant 
of  anxiety  reactions  and  subsequent  loss  of  confidence  by  the  aviator  in  his  flying  ability  (O'Connor,  1967; 
Benson,  1973).  The  afflicted  individual  has  to  be  withdrawn  from  active  flying  duties,  at  least  for  a 
period,  and  the  service  of  a highly  trained  aviator  is  lost. 


Sect.  3.  ETIOLOGY  OF  SPATIAL  DISORIENTATION 


Over  the  years,  many  differing  manifestations  of  spatial  disorientation  have  been  reported  by  aircrew 
and  likewise,  the  number  of  factors  which  are  considered  to  be  of  etiological  significance  have  prolifera- 
ted. It  is  outoiir  the  scope  of  this  report  to  make  a detailed  analysis  of  all  the  causes  of  spatial  dis- 
orientation, but  it  is  relevant  to  consider  those  aspects  of  the  problem  where  the  training  and  experience 
of  the  aviator  have  been  shown  to  be,  or  were  thought  to  oe,  important. 

A general  outline  of  the  etiology  of  spatial  disorientation  is  given  in  a proposed  syllabus  of  lectures 
to  aircrew  in  Annex  C.2.  As  may  be  seen,  this  is  divided  into  four  groups,  namely: 
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i The  fligiht  eaviiroaBent 

ii  Flight  KBMtfJTe* 

iii  Aixcreft  iectoxa 

iv  Aircrew  factors 

These  are  not  aastually  exclnsiwe;  for  exaaplc,  Che  'training,  szperieoce  and  proficiency*  of  tile 
aviator  vhicii  appears  as  a factor  in  Croup  iv,  will  wacerially  influence  the  ptobahility  of  cccorience  of 
spatial  disorientation  in  a particular  fllgiit  enviroane»;t  or  aaaoeuvre.  Thus  a pilot  who  rarely  flies 
other  than  in  j(cod  weatiier,  idien  external  visual  curs  axe  taiairiiiguous  {Visual  rfeteoroXogical  Conditions 
(VHC)  syn.  Visual  Flight  Rules  (VFR})  is  note  likely  to  suffer  froa  discrieatatiou  when  he  encounters 
adverse  weather  conditions  than  the  pilot  who  is  in  current  instnsKnt  flying  practice  (Collins,  1970). 

The  ability  of  aircrew  to  cope  with  cniflictiag  orientation  cues,  or  what  may  be  termed  disorientation 
stress,  is  dependent  upoc  many  factors.  7f  intei*4ub.iect  differences,  attributable  to  personality  and 
psydiological  factors  are  for  che  moment  laid  aside,  then  the  one  which  is  the  most  important  is  the  train- 
ing and  experience  gained  by  the  aviator  in  the  flight  eavltonmenr.  There  he  learns  to  make  use  of  those 
curs  which  are  reliohle  and  to  disregard,  or  at  lecst  not  be  aware  of,  these  cues  which  are  erroneous  or 
inadequate . 

Fart  of  this  learning  process  is  the  selective  adaptation  or  habituation  to  the  inapproprists  sensa- 
tions evJted  by  linear  nd  angular  accelerations  peculiar  to  fligd>t.  At  a hi;^er  *evel  is  the  acquisition 
sf  perceptual  skill  in  the  inteip  re  ration  of  visual  cues,  aspeciall/  the  sysholic  orientationiil  cues  pro- 
vided by  aircraft  insttuments.  These  skills  are  acquired  pri'tarily  by  experience  in  fiitiit  ccoditions 
wbere  the  aviator  is  exposed  to  disorientation  stress;  if  he  never  has  to  resolve  conflicting  cues  chan  he 
is  uniikely  to  be  able  to  deal  effectively  with  this  problem  when  it  arises.  Furtheraore  it  should  be 
eiephasised  chat  the  perceptual  skills  which  minimise  the  aviator's  susceptibility  to  disorientation  once 
'learned'  are  also  ’forgotten'  if  proficiency  is  not  maintained  by  repeated  practice.  Aircrew  have  con- 
sistently reported  that  tViey  were  more  likely  to  suffer  from  spatial  discrientation,  expressed  as  a 
heigtitened  awareness  of  illusory  sensations,  when  they  returned  to  flying  duties  after  a few  weeks  on  tb, 
ground  (Aicken,  1962) . There  is  some  evidence  that  this  is  caused  by  a loss  ox  habituation  (Aschan,  1955) 
though  it  is  likely  Chat  changes  in  ettentional  and  cognitive  mechanism  also  occur  during  Che  period  away 
from  flying.  In  contrast,  Che  occ-irrence  oC  an  orientaticn  error  accident  does  not  appear  to  be  related 
to  recent  flying  experience  (Bamum  S Bonner,  1971) . 

Hhereas  training,  experience  and  proficiency  In  flight  play  a dominant  role  in  determining  hew  the 
aviator  will  respond  to  disorientation  stress,  the  fact  remains  that  the  perceptual  disturbances,  embraced 
by  the  term  spatial  disorientation,  are  protean.  Some  types  of  disorientation  occur  only  rarely  (e.g. 
pressure  vertigeh) , yet  can  cause  a severe  impalement  of  control  because  of  their  intensity,  unexpected 
occurren'  ; or  unfamiliar  nature.  Even  highly  trained  aviators  who  have  not  had  personal  experience  of 
certain  types  of  disoxientation  can  also  succumb  in  the  same  manner  as  their  less  experienced  breti.ren. 

So  far  Consideration  has  been  given  only  tc  the  training  received  by  aircrew  in  flight,  but  knowledge 
gained  from  ground  based  instruction  can  materially  influence  the  probability  of  occurrence  of  spatial  dis- 
orientation and  tbs  ability  of  the  aviator  to  recognise  and  cope  with  the  pr.iblem  should  it  arise.  It  is 
considered  to  bo  of  particular  importance  that  the  student  aviator  should  appreciate  the  limitations  of 
sensory  function  thnt  cause  disorientation  and  the  flight  conditions  and  manoeuvres  which  are  likely  to 
reveal  the  perceptual  f allability  of  the  aviator.  To  be  forewarned  is  to  be  forearmed.  With  appropriate 
instruction  the  student  aviator  is  less  likely  to  be  jeopardised  because  of  his  limited  skill. 

Instruction  can  also  help  the  aviator  to  recognise  disorientation  if  and  when  it  occurs  in  flight,  so 
that  correct  procedures  are  followed  in  order  to  resolve  conflicting  cues  and  to  ensure  that  control  is 
not  based  on  Incorrect  or  inadequate  information.  Admittedly  the  pilot  with  many  flying  hours  will  have 
learned  about  seme  of  the  manifestations  of  disorie>itation  and  their  cause  from  his  own  practical  experi- 
ence, but  because  of  the  protean  nature  of  the  condition  he  is  unlikely  to  have  personal  experience  of 
every  type  of  illusory  perception  that  aircrew  have  reported.  For  example:  the  pilot  who  has  flown  on 
* Al?o  called  altemobaric  vertigo. 
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opcntioaal  Antics  for  scscral  years  wmj  hens  had  'the  leans'  mmaj  tines  and  be  quite  fan&liar  «ith  the 
disorientation  on  bxeafcins  fomstioo  in  cloud,  yet  csen  sneh  a hifbly  trained  and  experienced  ariator  can 
be  acutely  disturbed  by  the  sadden  and  vnexpected  occurrence  of  the  mfaniliar  sensations  of,  say,  tb« 
'Break-off  pbenonenon'. 


Normalized  ‘Oitorisntaliae*  accMoal  freqoeacy 
(Arbilrary  sails) 

0 12  14 

1  1 1 1 1 
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Vaars  as 
Oesignaled  , 
Naval 

Aviator  , 

10-14 

tS-20 

>20 


Fig.  1 Ellocis  of  flying  sxpsrisnco  on 'diserisniatien' 
aceidoni  rate  in  USN  Fighitr- atlaek  pilots 


There  is  thus  a need  for  the  note  experienced  aviator  as  well  as  the  student  pilot  to  be  inforaed  and 
to  be  kept  infomed  about  the  problen  of  spatial  disorientation  in  flight.  The  necessity  for  refresher 
training  is  substantiated  by  fig.  1,  which  shows  the  frequency  of  disorientation  'mishaps',  nonsalised  for 
population  exposure,  plotted  against  flying  experience.  The  incidence  falls  rapidly  in  the  first  4 years, 
but  rises  again  in  the  S and  6 year  groups,  and  sidrsequently  stabilises  at  about  25Z  of  the  initial  level. 
These  and  USAF  statistics  (Noser,  1969)  support  the  generalisation  that  the  probability  of  an  aviator 
suffering  an  orientation  error  accident  decreases  with  flight  experience,  but  also  eiq>hasise  the  fact  that 
even  highly  experienced  aircrew  ate  at  risk.  Sosie  aircrew  claim  that  flight  experience  gives  them  first 
hand  knowledge  of  the  problem  and  that  they  have  learned  how  to  overcome  disorientation,  accordingly  they 
conclude  that  they  do  not  require  further  training  or  education  about  the  hazards  of  disorientation. 
However,  it  is  a belief  such  as  this  which  can  induce  a false  sense  of  security  and  obscure  the  fact  that 
flight  experience  does  not  give  immunity  from  orientation  error  accidents. 

RE COWeSDATION  (3:1).  Orientation/disorientation  training  should  not  be  restricted  to  student  aircrew. 

Experienced  aircrew  also  suffer  orientation  error  accidents  and  hence  should  be  given  regular  refresher 
training  about  the  hazards  of  disorientation,  (p.  8) 


Sect.  4.  ttVlEW  (g  OtlElfl*TIO«/DISOMgrtmO«  TKAIMIBS  M «ATO  COanElES 


Meibct)  of  Che  Hotking  Gioc|>  hod  penoiMl  opinions  on  the  nerits  «id  deficiencies  of  the  creining 
received  by  aircicH  in  their  perenc  orgenisations,  but  no  overall  view  of  toe  policies  snd  practices 
throughout  the  MATO  alliance  was  availsble.  Accordingly,  in  the  first  qusrter  of  197^,  all  ne^>er  coutries 
were  sent  a questionnaire  which  attenpted  to  detenine  the  type  and  duration  of  instructioa  given  to  air- 
ccew  and  which  solicited  coMects  on  the  adequacy  of  die  training  received.  Copies  of  the  questionnaire 
were  also  sent  to  civil  aviation  authorities  in  the  OSA  and  Europe. 

The  fora  of  the  questionnaire  is  shown  in  Annex  B.  Most  of  the  questions  required  answers  which  were 
stateaents  of  facts  relating  to:- 

The  foraal  instruction  of  aircrew  about  probleas  of  oi;.entation  and  disorientation  in  flight. 

The  topics  covered  in  lectures. 

The  duration  of  sudi  lectures  and  the  phases  of  fli^t  training  in  which  the  training  is  given. 

The  use  of  disorientation  deaonstrations  or  familicrisation  devices. 

The  use  of  visual  aids. 

The  deaonstration  of  disorientation  in  the  air  during  flying  training,  and  sidisequent  refresher 

training. 

Instnsient  flying  experience  during  training  and  requireaents  for  aaintejance  of  instnaKnt 

flying  rating. 

In  addition,  open  ended  questions  requiring  value  judgeaents  on  the  adequacy  of  curreut  training  pro- 
cedures were  asked  which  permitted  the  'official*  position,  as  well  as  the  persotial  opinion  of  the  respon- 
dent to  ae  given. 

Twenty-six  completed  questionnaires  were  returned  from  nine  European  countries,  from  Canada  and  from 
the  USA.  These  revealed  the  training  policy  in  military  aviation  of  ten  coiaitries  and  in  civil  aviation  in 
three  countries. 

> simmary  of  the  responses  to  the  questionnaire  is  assembled  ir.  Table  1. 

The  most  notable  feature  to  emerge  from  an  analysis  of  the  completed  questionnaires  was  the  absence  of 
any  conmon  standard  in  the  oriantation/dlsorientation  training  of  aircrew.  Even  in  the  training  of  mili- 
tary aircrew  the  hours  devoted  to  this  aspect  of  the  ground  school  instruction  of  student  pilots  ranged 
from  0-8  hr  (mean  2.3  hr),  while  the  time  allotted  in  refresher  training  programmes  ranged  from  0-6  hr  (mean 
1.7  hr).  Similarly,  in  civil  aviation  some  organisations  gave  no  instruction  on  the  topic,  others  devoted 
3 hr  to  the  problem  during  basic  training.  The  disparity  between  nations  and  organisations  is  hardly  sur- 
prising, though  it  also  became  apparent  that  considerable  differences  in  the  duration  of  training  occurred 
within  an  individual  Service,  both  in  basic  flying  schools  and  refresher  courses. 

Although  all  but  one  military  organisation  devoted  some  time  to  ground  school  lectures,  the  use  of 
disorientatior  familiarisation  devices  was  far  from  universal.  This  type  of  training  aid  was  employed  by 
11  out  of  IS  service  respondents,  chough  in  at  least  three  and  probably  more,  not  all  student  aircrew  had 
the  benefit  of  ground  based  familiarisation  training.  Five  of  the  military  ground  schools  did  not  use 
training  films. 

In-flight  demonstrations  of  disorientation  were  employed  by  only  7 of  the  IS  Service  organisations  who 
returned  the  questionnaire,  all  but  2 repeating  the  demonstration  in  refresher  training  programmes.  In  con- 
trast, the  majority  of  the  civil  transport  organisations,  other  than  in  the  USA,  made  use  of  flight  demonstra- 
tions in  the  basic  programmes. 
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Dei 


irk 


Airborne  Initruaent  flying:  % hr. 


0>12 


hr . I'ao. 


Rorvay 


Basle:  UBAF 

Initial  Rorway  4 yearly  continuation 


20  hr  . /yr . 


Turkey 


Dus  I c eaaand : 4 hr . under  hood 

Dual  or  sl^lc:  ) hr.  In  clouds  *■  ) hr.  IFR 


Transport.  20  hr./yr.  (10  hr. /last  6 skis.) 

Je..!  14  hr./yr.  (Includes  ' 't.  and  ’ hr./ 

last  6 K.OS . > 


Responding  OrganltsC ion . 

Iteas  2a  4 b. 


Lufthansa  Interpreted  dlsorl  *ntstlon  Co  be  '’batting  lost**  and  csphasiced  nav  kgatlonal  instruction. 

Standard  Topics  refers  to  snstoay  and  physiology  of  the  equilibriua  organs,  specific  sent.>ry  illusions  and  causes  artf  effects  ol 
dltorleAtstion. 


3b.  Standard  Ground  DeaonsCrst ion  relcrt  to  s vertical  axis  rotation  device  (usually  a chair  or  table)  which  Is  u<ed  to  provide 
sccelcrsClons  and  Jccelerations:  head  ■ovewrnta  of  a subject  arc  Bade  during  rotetlon  ol  the  device  or  following  rotation. 

4b.  Rusdtars  indicate  the  following  filns: 

1.  Vision  in  Military  Aviation  (USR;  I«94a09) 

2.  Vision  in  Military  Avlation-*Senae  of  Sight  (ISR:  W948QA) 

1.  Vision  in  Military  Aviatton*>In  Flight  Recognition  and  Closure  (USR:  W946X) 

4.  Vision  In  Military  Aviat ion»>Errort  In  Viaion  (VSM:  )fi94BI2>) 

5.  OlsorlenCaClon  Clashes  (USN;  lti43)3C) 

6.  Spatial  Disorlentaclon  In  Flight  (USAF:  MV9b04) 

7.  Ferccptlon  of  Orientation  (tCAF) 

8.  Fil*^  Verr'ii.  'USAF:  rLC*22-0033> 

9.  Upset  (FAA).  Vote:  This  fit*  deils  prlaarlly  with  problesui  associated  vith  aerodynaalca  of  lllght,  high  altltudca,  and 

high  and  low  speed  buffets. 

10.  Attitude  Flying  (TWA) 

11.  The  Visual  Approach  (TWA) 

Sb.  Rtaaiard  IrFlii^C  DasB,tiatratioa  oausUy  nfora  to  axpoalng  tba  atudent  to  an  onusual  attitude  of  the  aircraft  (or  to  dlaorlcnta^ 
tioo)  whlla  the  atudant’a  ayes  are  closed;  the  atudant  la  than  required  to  open  hla  ayes  and  recover  by  using  Inatnasnta  (or  to 
ali^ly  parcalv*  the  lllutica). 


I 
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Eight  retimis  froa  ozganisatioo*  coocetned  with  the  training  of  mlitary  aviaton  expresaed  the 
opinion  that  inadequaciea  exiated  in  their  orientation/diaorientati'n  training.  In  contrast,  all  the 
civil  organisations  questioned  considered  their  training  progrmes  to  be  adequate,  though  3 out  of  the  S 
inplied  that  inprovenents  could  be  aade  by  the  introduction  of  faailiarisation  training  or  by  devoting  aore 
tine  to  the  topic  in  lectures.  The  need  for  deaonstratibJ  devices  or  iinroveaect  of  existing  dexonstrations 
was  also  expressed  by  6 of  the  nilitary  reapondees. 

Overall,  all  but  9 of  the  26  questionnaires  returned  contained  coaaencs  which  indicated  that  deficien- 
cies existed,  or  were  thou^t  to  exist,  in  current  training  prograaaes.  Surprisingly,  these  all  related  to 
the  ground  school  phase  of  training;  there  was  no  criticisw  of  instriaent  flying  training  despite  the  widely 
differing  standards  and  experience  required  during  basic  training  and  for  the  waintenance  of  an  instruaent 
rating.  It  was  howe\er  worthy  of  note  that  one  Service  organisation  placed  more  emphasis  on  in-flight 
e:^erience  acquired  during  normal  flying  training  and  line  duties  than  on  ground  school  instruction, 
although  not  to  the  complete  neglect  of  the  latter. 

Replies  to  the  questionnaire  thus  sid>stantiated  the  opinions  expressed  by  menhers  of  the  Working  Group 
during  the  first  meeting,  namely:  that  deficiencies  existed  in  the  orientation/disorientation  training  of 
aircrew  and  that  improveaents  could,  and  should,  be  made  to  the  instruction  received  during  basic  training 
and  subsequent  refresher  courses,  both  in  the  air  and  on  the  ground. 


Sect.  5.  OBJECTIVES  OP  ORIEHTATION/DISORIEHTATIOH  TRAINING 

(a)  Basic  Objectives 

The  objective  of  training  procedures  in  this  field  is  to  prevent  or  at  least  reduce  the  impairment  of 
operational  efficiency  consequent  to  spatial  disorientation  in  flight.  The  deleterious  effects  of  illusory 
perceptions  on  aircraft  control  and  aircrew  health  have  been  discussed  ir.  Section  2 so  the  basic  objectives 
of  training  may  be  summarised: 

I To  reduce,  and  Ideally  prevent,  orientation  error  accidents. 

II  To  reduce  the  frequency  of  incidents  In  which  control  of  the  aircraft  is  degraded  as  a result 
of  disorientating  perceptions  or  reflex  Interference  with  neuromuscular  control. 

ill  To  reduce  the  frequency  with  which  the  mental  and  physical  health  of  aircrew  is  impaired  by 
exposure  to  disorientation  stress  or  unusual  perceptual  experiences  and  thereby  reduce  attrition  of 
flight  personnel  from  these  causes. 

(b)  Specific  Objectives 

The  importance  of  flying  personnel  having  adequate  knowledge  about  the  etiology  and  manifestations  of 
spatial  disorientation  and  adequate  skill  to  cope  with  the  disability  in  flight,  were  mentioned  in  Section  3. 
Hence  the  specific  objectives  of  training  may  be  summarised: 

i To  familiarise  the  aviator  with  those  factors  which  contribute  to  effective  spatial  orientation 
in  the  flight  environment. 

ii  To  familiarise  the  aviator  with  the  various  conditions  and  flight  operations  which  may  lead  to 
spatial  disorientation. 

ill  To  Inform  the  aviator  about  different  manifestations  of  spatial  disorientation,  and  how  to  detect 
the  onset  or  existence  of  spatial  disorientation. 
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iv  To  explain  the  aechaniaM  by  whidi  apatial  disorisntatioo  ia  produced  and  Co  discuss  nocaal 
liaications  of  sensory  ftaictions. 

V To  infora  Che  aviator  ho«  disorientation  aay  be  overcoae  and  to  develop  the  necessary  skill  so 
that  be  can  cope  with  disorientation  when  it  occurs  in  flight,  even  when  he  is  stx>jected  te  aental 
and  physical  stress . 

(c)  Training  Methods 

Aircrew  usually  receive  instruction  about  spatial  disorientation  both  on  the  ground  and  in  the  air. 
Gromd  based  training  falls  within  the  general  area  of  aeronedical  education  and  is  comonly  the  responsi- 
bility of  Medical  Service  personnel.  In  contrast,  training  in  flight  is  performed  by  flying  instructors 
and  is  integrated  into  the  instnaaent  flying  training  prograsme.  Although  this  is  a convenient  and  in 
some  respects  logical  dichotomy,  in  the  past  there  has  been  little  cosnunication  between  the  two  groups 
responsible  for  aircrew  orientation/disorientation  training  and  hence  a lack  of  an  integrated  approach  to 
the  problem.  While  accepting  the  premise  that  training  on  the  ground  should  complement  that  received  in 
the  air  (and  vice  versa)  and  that  they  have  coomon  objectives,  the  techniques  employed,  the  knowledge 
L^>arted,  ar  ' the  skills  acquired  in  these  two  phases  are  different  and  hence  require  separate  assessment. 

RECOMMENDATION  (5:1).  Orientation/disorientation  training  should  be  given  both  on  the  ground  and  in  the 
air.  In  each  Service  or  Organisation  those  responsible  for  the  ground  scliool  phase  of  training  should  dis- 
cuss the  overall  programme  with  those  responsible  for  flying  training  and  together  they  should  develop  an 
integrated  syllabus  appropriate  to  the  needs  of  the  flying  personnel  for  whom  they  are  responsible.  (p.l4) 


Sect.  6.  GROUND  BASED  TRAINING 

In  this  phase  of  Instruction  the  emphasis  is  upon  aircrew  receiving  factual  kncwledge  about  differing 
types  of  illusory  perceptions  occurring  in  flight,  the  etiology  of  spatial  disorientation,  and  hew  to  cope 
with  the  problem  in  flight,  ''n  addition,  it  is  important  that  didactic  information  about  disorientation  is 
put  in  proper  perspective  and  related  to  the  mechanism  of  correct  spatial  orientation  in  the  flight  environ- 
ment. 


The  Working  Group  is  aware  of  tbe  opinion,  expressed  by  some  personnel  concerned  with  the  aircrew 
training,  that  specific  instruction  about  spatial  disorientation  should  not  be  given  to  student  aircrew. 
They  argue  that  the  trainee  pilot  will  find  out  all  that  he  needs  to  knew  about  the  problem  during  the 
course  of  in-flight  training  and  that  he  will  learn  to  deal  with  it  by  good  airmanship.  Furthermore, 
classroom  lectures  and  demonstrations  only  serve  to  make  the  student  more  likely  to  attend  to  illusory 
sensations  during  flight  training  aud  for  him  to  become  preoccupied  with  the  sensory  disturbances. 

There  is  an  element  of  validity  in  this  point  of  view,  especially  if  lecture  material  on  the  topic  is 
presented  in  an  alarmist  manner  and  not  put  in  the  proper  context  of  'normal  limitations  of  sensory 
function',  (a  not  uncommon  failing  of  some  lecturers).  However,  the  members  of  the  Working  Group  are,  for 
reasons  already  adduced,  unanimous  in  their  opinion  that  aircrew  should  be  informed,  and  kept  informed, 
about  the  potential  dangers  of  disorientating  perceptions,  if  orientation  error  accidents  and  incidents 
arc  to  be  minimised. 

(a)  Instructional  syllabus 


A detailed  syllabus  of  the  factual  kncwledge  about  spatial  disorientation  which,  the  Working  Group 
consider  should  be  taught  to  aircrew  is  given  in  Annex  ClI.  The  topic  is  divided  into  seven  main  headings:- 


iippi  u.wi|iiiivi.ipj|fui^VHIWlWVP^ 
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( 

i 

i 


i 
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i Introduction. 

ii  MedianisB  of  cpatinl  orixntation  in  fli^t. 

iii  Mechaniaa  of  spntial  disorientation  in  flight. 

iv  CooBonly  described  illusions. 

V Causal  factors  (etiology) . 

vi  Practical  advice  on  the  prevention  of  disorientation  in  flight. 

vii  Procedures  to  be  follotred  in  flight  when  afflicted  by  disorientation. 

The  syllabus  is  only  a guide,  for  the  emphasis  placed  on  each  topic  will  obviously  vary  according  to 
the  experience  of  the  personnel  under  instruction,  the  uature  of  their  operational  duties  and  the  time 
available.  However,  it  is  the  opinion  of  the  Working  Group  that  the  primaty  need  of  aircrew  is  to  kncw:- 

i The  types  of  illusory  perceptions  occurring  in  filght. 

ii  The  flight  conditions  and  sianoeuvres  likely  to  induce  spatial  disorientation. 

iii  How  to  cope  with  disorientation  if  and  when  it  occurs . 

j 

i 

It  is,  of  course,  sound  practice  to  develop  the  topic  upon  a scientific  basis  of  sensory  physiology,  ! 

but  where  time  is  limited  it  is  better  to  »:;g)hasise  the  practical  implications  of  the  problems,  as  out-  j 

lined  above,  than  to  give  a detailed  description  of  the  anatomy  and  physiology  of  the  vestibular  receptors.  I 

f 

However,  it  is  important  to  emphasise  the  fact  that  illusory  sensations  are  common  and  quite  normal  j 

responses  to  the  motion  stimuli  and  sensory  environment  of  flight,  even  though  the  perceptual  disturbance  ! 

may  be  of  a bizarre  and  quite  unexpected  form.  In  addition,  it  should  be  pointed  out  that  some  illusions  { 

occur  because  of  Che  lack  of  information  from  sensory  receptors  and,  frequently,  disorientation  is  not 
characterised  by  sensory  conflict  and  stroug  misleading  vestibular  cues. 

Aircrew  should  never  hear  about  the  illusions  occurring  in  flight  and  the  consequences  of  disorienta- 
tion without  hearing  also  the  instructions  for  how  to  deal  with  the  problem  in  flight.  This  aphorism  should 

be  remenfiered  by  all  responsible  for  the  disorientation  training  of  aircrew. 

(b)  Teaching  Techniques 

A number  of  educational  methods  are  suitable  for  imparting  knowledge  about  spatial  disorientation  to 
aircrew.  They  are:- 

Group  Instruction 

i The  foraal  lecture. 

I 

ii  The  lesson  (with  stjdent/teacher  interaction). 


iii  The  discussion  group. 

iv  Projected  transparencies  with:- 

1.  Commentary  spoken  by  instructor. 

2.  Commentary  on  tape  (tape/slide  presentation) 

v Videotape  with  commentary. 


vi  Cine  film. 


Individual  Instruction 


i Written  information  (books,  pamphlets  etc). 

ii  Written  information  with  self  assessment. 

iii  Programmed  information,  either  written  or  in  slide  format  with  recurrent  self-assessment. 


The  pedagogic  and  econoaic  advantages  and  disadvantages  of  these  various  sathods  are  well  known  to 
educationalists  hence  a detailed  assessaent  i>;  not  presented  here.  However,  certain  points  were  con- 
sidered in  detail  by  the  Working  Group  and  opinions  expressed  which  are  reflected  in  this  report. 

(c)  Instructor  Ccapetence 

The  effectiveness  of  teaching  by  lecture,  lesson,  group  discussion,  or  live  comsentary  is  vitally 
dependent  upon  the  coapetence  of  the  instructor.  Apart  froa  clarity  of  expression  he  should  have  an 
adequate  depth  cZ  knowledge  to  understand  and  answer  correctly  and  effectively  the  student's  questions. 

Not  only  is  it  isportant  for  him  to  have  rapport  with  his  students  but  also  an  appreciation  of  the  prac- 
tical probleas  sufficient  to  preserve  credibility  with  his  aircrew  audience.  The  ability  of  the  inatruc- 
tor  to  'put  over*  his  subject  is  a necessity  irrespective  of  the  eid>ject  being  taught.  Yet  in  aeromedical 
training,  the  Working  Group  are  aware  of  the  deficiencies  of  certain  instructors,  irtiether  they  be  medical 
officers,  physiological  training  officers,  or  others  without  medical  qualifications,  when  atteiq>ting  to 
teach  aircrew  about  orientation  and  disorientation  in  fli^t.  One  defect,  a lack  of  adequate  and  correct 
factual  knowledge,  probably  reflects  the  lack  of  text-book  material  on  the  topic.  Another  is  the  absence 
of  'hardware'  to  provide  a tangible  expression  of  the  subject  material,  a defici  ncy  which  does  not  exist 
when  instructing  on  the  environmental  stresses  of  flight  where  personal  and  safety  equipment  can  be 
demons  trrted . 

f d)  Visual  Aids 


Whenever  possible  the  spoken  word  should  be  complemented  by  appropriate  visual  material.  This  may  be 
in  the  form  of;- 

i Wall  charts. 

ii  Projected  images  frora:- 

Overhead  projector  transparencies  (Viewgraph) 

Slides 
Film  Strips 
Cine  film 

Transparencies  and  slides  are  usually  prepared  at  a local  level  and  vary  in  quality  with  the  skill 
and  resources  available.  Many  centres  have  slides  and  transparencies  which  are  used  by  their  training 
officers,  but  there  are  few  sets  of  slides  which  have  been  developed  as  an  'educational  package'  suitable 
for  more  general  use.  Two  sets  of  slides  available  for  review  by  the  Working  Group  had  been  prepared  by 
the  USAF,  and  one  set  by  the  American  FAA.  It  was  concluded  (see  Annex  D)  that  the  FAA  set  called 
'Vertigo'  was  the  most  suitable  for  instructing  aircrew.  The  need  for  a competent  commentator  capable  of 
understanding  and  answering  the  studenkC'  questions  is  not  abrogated  by  good  visual  material. 

To  date  the  potential  of  the  overhead  projector  has  not  apparently  been  developed  as  an  'instructional 
package'  on  spatial  disorientation.  Overlap  techniques  permit  the  progressive  synthesis  of  the  more  com- 
plex topics,  while  simple  animations  are  of  value  to  explaining  the  dynamics  of  receptor  mechanisms  and 
the  development  of  illusions  in  response  to  angular  and  linear  motion  stimuli. 

Similar  comments  can  also  be  aide  about  the  use  of  video  tape,  which  apart  from  initial  cost,  offers 
a flexible  and  fairly  cheap  instructional  medium  for  use  with  small  to  large  groups  of  students.  It  can 
be  viewed  in  an  illuminated  room,  has  stop  motion  facilities,  and  can  be  replayed  without  difficulty. 

Motion  pictures  are  well  established  both  as  an  adjunct  to  an  instructional  lecture  and  as  a basic 
means  of  education.  Menibers  of  the  Working  Group  viewed  fourteen  films  and  assessed  their  effectiveness 
in  teaching  military  pilots  tu  cope  with  disorientation  problems  (Annex  D) . In  their  opinion  none  of  the 
films  laid  Sufficient  emphasis  on  what  the  pilot  should  do  when  he  recognises  or  suspects  disorientation. 
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thouili  a n«ari>er  gave  a reatonably  clear  accurate  deacriptiou  of  the  aore  coaiwa  illusiona  experienced  by 
pilots.  They  reported  that  vjo  filw  'Perception  of  Orientation*  (RCAF  22C2S)  and  'Dpset*  (FAA.FA611) 
are  the  nost  suitable  for  the  training  of  nilitary  aircrev) . Sone  nepers  of  the  Working  Group  expressed 
reservation  about  the  general  use  of  the  fil>  about  Jet  Upset  in  aircrew  training.  Though  a well 
made  fila,  with  higjh  interest  and  acceptability  to  aircrew,  it  is  long  (45  ain)  and  devotes  only  a fev- 
ainutes  to  the  probleas  of  disorientatio>.  in  rather  specific  flight  conditions. 

None  of  the  filas  reviewed  were  without  defect,  hence  there  is  a need  for  a better  fila  (or  filas) 
to  be  aade.  It  is  arguable  that  an  improved  fila  would  significantly  increase  the  effectiveness  of 
training  of  student  aircrew,  in  coog>arison  with  the  use  of  those  already  available.  However,  the  relative 
paucity  of  good  aaterial  presents  a severe  limitation  on  the  use  of  filas  as  an  effective  tool  for  the 
refresher  training  of  more  experienced  flying  personnel. 

(e)  Individucl  Instruction 

The  basic  means  of  individual  instruction  is  by  the  written  word,  assembled  in  the  form  of  a 
pamphlet,  report  or  book.  Yet  despite  a fairly  large  literature  on  spatial  disorientation  and  relev-stt 
aspects  cf  sensory  function,  this  information  is  mainly  to  be  found  in  scientific  journals  and  research 
reports.  There  are  few  succinct  reviews  of  the  topic  and  even  fewer  written  primarily  for  airr.ew.  The 
needs  of  the  aviator  are  nominally  catered  for  in  aeromedical  training  notes,  but  in  the  opirxon  of  the 
Working  Group  these  were  generally  inadequate  because  of  the  superficial  treatment  of  the  topic  and  lack 
of  positive  practical  information  on  how  to  recognise  and  cope  with  disorientation  in  th'.  air.  In  addi- 
tion, many  contained  errors  of  scientific  fact  and  did  not  reflect  current  informed  opinion  about  the 
problem. 

An  attempt  has  been  made  to  redress  this  deficiency  through  the  publication  by  AGAHD  of  'Spatial 
Disorientation  in  Flight:  A Handbook  for  Aircrew'  (Benson  & Burchard,  1973).  This  is  probably  too 
detailed  for  casual  reading  though  it  should  prove  useful  as  a source  book  for  instructors  and  those  air- 
crew who  wish  to  explore  the  topic  in  greater  depth 

The  use  of  programmed  learning  techniques  has  attracted  considerable  attention  in  recent  years.  The 
method  is  certainly  applicable  to  orientation/disorientation  training,  though  it  has  not  yet  found  a place 
in  routine  training,  despite  its  being  a relatively  inexpensive  addition  to  the  pedagogical  armamentarium. 
The  Working  Group  is  aware  of  the  assay  of  such  techniques  by  two  Services  in  the  USA.  Both  progranmed 
texts,  allegedly,  were  inadequate  because  they  contained  errors  and  ommissions,  directly  attributable  to 
a lack  of  factual  knowledge  and  understanding  of  the  problem  by  those  responsible  for  the  preparation  of 
the  texts.  There  is  thus  a need  for  collaboration  of  those  with  specialist  knowledge  about  spatial  dis- 
orientation with  educationalists,  who  have  experience  of  programmed  learning  and  teaching,  in  order  to 
produce  effective  texts  for  use  in  both  basic  and  refresher  training. 

'’2C0MMENDAII0H  (6:1).  Instruction  on  spatial  disorientation  should  be  included  in  the  syllabus  of  basic 
aeromedical  training  of  all  student  aircrew,  both  in  military  and  civil  aviation.  The  opinion  that  adequate 
knowledge  on  this  topic  will  be  gained  during  flight  training  is  not  justified.  (p.l4) 

RE COMMENDAI ION  (6:2).  lectures  and  lecture/demonstrations  on  orientation  and  disorientation  in  flight 
should  endeavour  to  cover  the  specimen  syllabus  detailed  in  Annex  ClI.  (p.  14) 

RECOMMENDATION  (6:3).  When  the  time  available  for  instruction  is  limited  it  is  better  to  emphasise  the 
practical  implications  of  spatial  disorientation  than  to  describe  vestibular  and  other  sensory  mechanisms. 
(p.15) 

RECOMMENDATION  (6:4).  Aircrew  should  never  hear  about  disorientation  without  being  given  instruction  on 
how  to  deal  with  the  problem  in  flight,  (p.15) 
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8ECCT0CKDATI0N  (6:5).  Those  engaged  in  the  orientation/disorientation  training  of  aircrew  should  them-  i 

‘ i 

selves  be  well  infonsed  on  the  topic  and  be  capable  of  answering  relevant  questions  posed  by  their  students. 

AGARDograpb  170  'Spatial  Disorientation  in  Flight*  is  recoosended  as  a source  book.  (p.l7)  ! 

I 

I 

HECOHWENDAT ION  (6:6).  Visual  aids  should  be  employed.  The  FAA  slide  set  "Vertigo"  and  the  film  | 

'Perception  of  Orientation'  (RCAF  22025)  are  recomsended  for  English  speaking  aircrew.  (p.l6) 

RE COMMENDATION  (6:7).  Consideration  should  he  given  to  the  development  of  a programmed  text  on  spatial 
disorientation  for  aircrew  training  which  is  factually  accurate.  Audiovisual  techniques  or  a printed  text 
could  be  employed.  (p.l7) 


Sect.  7.  SPATIAL  DISORIENTATION  FAMILIARISATION 

(a)  Benefits  of  Familiarisation  Training 

One  of  the  problems  in  disorientation  training  is  that  the  topic  is  a psychological  one,  in  so  far  as 
it  describes  aspects  of  hL^ur-i  perception  in  the  aviation  environment.  It  lacks  the  immediate  relevance  of 
topics  such  as  hypoxia  or  the  effect  of  sustained  linear  accelerations,  because  there  is  no  hardware,  e.g. 
oxygen  masks,  anti-g  suits,  etc,  which  the  student  is  obliged  to  understand  if  his  safety  in  flight  is  not 
to  be  impaired.  At  the  end  of  a 'traditional'  lecture  on  spatial  disorientation  it  is  known  (Collins, 

1970)  that  a proportion  of  the  audience  is  likely  to  feel  that  the  topic  is  not  of  personal  consequence  in 
flight.  No  doubt  they  accept  that  some  accidents  are  caused  by  illusory  perceptions,  but  that  tliis  is 
something  which  weaker  or  less  able  aviators  suffer,  not  themselves. 

Strong  or  persuasive  verbal  instruction  can  instil,  to  some  extent,  a more  realistic  attitude  to  the 
problem,  but  it  is  the  experience  of  the  Working  Group  that  practical  experience  and  demonstration  of 
illusory  perceptions  in  the  teaching  situation  is  a more  powerful  technique.  The  student  can  discover  for 
himself  chat  errors  of  perception  are  a quite  normal  re.'ponse  to  certain  motion  stimuli,  while  the  comments 
and  experiences  of  colleagues  reinforces  the  generality  of  these  perceptual  limitations.  In  addition,  a 
demonstration  gives  the  instructor  more  tangible  evidence  of  man's  perceptual  limitations  which  he  can  use 
to  draw  attention  to  the  significance  of  spatial  disorientation  in  the  flight  environment.  Accordingly, 
it  is  argued  that  the  use  of  a device  which  allows  students  to  be  familiarised  with  some  aspects  of  dis- 
orientation, without  the  distractions  associated  with  flying  an  aircraft,  is  a most  useful  adjunct  to 
training.  Disorientation  familiarisation  devices  of  one  type  or  another  have  been  employed  in  the  instruc- 
tion of  aircrew  and  medical  personnel  by  the  majority  of  the  members  of  the  Working  Group  who  have  found 
that  this  form  of  teaching  demonstration  was  enthusiastically  accepted  by  students  and  instructors  alike 
(Collins,  1970;  Dowd  et  al,  1970).  The  demonstration  need  not  be  time  consuming;  a quite  adequate 
familiarisation  experience  can  be  given  in  10-15  min. 

(b)  Cost-effectiveness  of  Familiarisation  Demonstration 


Before  discussing  in  detail  the  advantages  and  disadvantages  of  the  various  familiarisation  devices 
employed,  which  range  from  a simple  rotating  chair  (of  the  Barany  type)  at  one  end  of  the  cost/complexity 
scale  to  a centrifuge  with  fully  gimballed  cab  at  the  other,  it  is  necessary  to  consider  the  various  types 
of  disorientating  perceptions  reported  by  pilots  and  the  feasibility  of  reproducing  these  illusions  in  the 
laboratory  or  classroom. 

Table  2 summarises  the  opinions  of  the  Working  Group  and  indicates  the  basic  equipment  required  to 
produce  relevant  illusions  on  the  ground,  the  consistency  or  reliability  of  evoking  the  false  perception 
in  student  aircrew, and  the  cost/effectiveness  of  the  demonstration.  The  value  judgements  implicit  in  the 
assessments  cf  cost/effectiveness  relate  primarily  to  the  effectiveness  of  the  demon;'tration,  in  so  far  as 
the  majority  of  the  students  will  experience  and  be  made  aware  of  the  illusory  perception,  rather  than  to 


TABIg  2 

msiBitm  OF  REPionocisG  mcHi  illpsioms  oh  lae  groomd 


Category  of 
illusion 

Basic  feature 
of  illusion 

Elicitability 
cf  illusion 

Basic  equipment 
required 

Cost  and 
complexity 

Cost/ 

effective- 

ness 

Visual 

Autofcinesis 

Movement  of  isolated 
li^it  or  of  observer. 

Hi^ 

Isolated  light  in 
dark  room. 

Lov 

Hi^ 

Auto  rotation 
(flicker  vertigo  or 
circular  vecticn). 

notation  of  observer 
in  plane  of  visual 
s timulus . 

Hi^ 

Large  field  opto- 
kinetic stimulus. 

Low  Mod 

High  - 

Cloud  leana,  lean 
on  the  sun  A rela- 
ted illusions. 

Body  attitude  rela- 
ted to  false  visual 
reference 

Zero  ■»  Low 

Large  field  horizon 
and  rotation  in  roll. 

Mod 

Low 

Misinterpretation 
of  ext.  visual  cues, 
esp.  li^ts  at  night. 

False  perception  of 
attitude. 

Zero  ■*  Low 

Synthetic  ni^t 
V.F.A. 

Hi^ 

Low 

Vestibular  (Angular) 
Sub threshold 
s timuli . 

Failure  to  perceive 
motion. 

Hi^ 

Smooth  turntable  with 
continued  angular 
acceleration. 

Mod  -*•  High 

Mod 

Somatogyral 

illusions. 

Pals'-  perception  of 
angular  motion. 

Hi^ 

Variable  speed  turn- 
table. 

Low  Mod 

High 

Oculogyral 
illusions . 

Apparent  displace- 
ment & motion  of 
fixed  light  source. 

High 

Variable  speed  turn- 
table and  simple 
visual  display. 

Low  -*•  Mod 

High 

Impairment  of  vision 
by  nystagmus  (and 
effect  of  alcohol) . 

Blurring  of  vision 
as  in  spin  and  on 
recovery. 

High 

Variable  speed  turn- 
table and  simple 
visual  display. 

Low  -►  Mod 

High 

Cross- coupled 
stimulation 
(Coriolis) . 

False  perception  of 
angular  motion  and 
attitude. 

High 

Turntable  with  con- 
stant speed. 

low  -►  Mod 

High 

Pressure  vertigo 

Vertigo  on  change 
in  ambient  pressure. 

Zero  -►  Low 

Decompression  or 
compression  chaidjer. 

Mod  -*■  High 

Low 

Vestibular  (Linear) 
Somatogravlc 
illusions . 

False  perception  of 
attitude,  in  pitch  or 
roll . 

High 

Turntable  with  sub- 
ject >lm  from  centre 
or  centrifuge. 

Mod  -►  High 

Mod  •»  High 

Oculogravlc 
illusions ■ 

False  perception  of 
motion  A position  of 
light  source. 

Hi^ 

Turntable  with  sub- 
ject >lm  from  centre 
or  centrifuge. 

Mod  0-  High 

Mod  -►  High 

Elevator  illusion. 

False  perception  of 
motion  & position  of 
light  source  with  ver- 
tical acceleration. 

High 

Vertical  motion 
device . 

High 
V.  High 

Low  Mod 

'Jet  upset' 

Pitch  attitude 
change  - inversion. 

Mod 

Centrifuge  & control 
of  tangential  accel- 
eration & cab, 
position. 

V.  High 

Low  -*•  Med 

'G'  excess 
illusions . 

False  perception  of 
attitude  on  hea^' 
movement . 

High 

Confoitnded  with 
cros s-coupled 
effects 

Turntable  with  radius 
arm  or  centrifuge. 

Low  -*•  Mod 

Mod  -*  High 

Leans 

Felse  perception  of 
roll  attitude. 

Low  ♦ Mod 

Device  to  give  smooth 
rotation  in  roll  and 
visual  display. 

Mjd  -*■  High 

Low  -*•  Mod 

Leons 

Adaptation  to 
changed  attitude  to 
gravity  vector. 

High 

Chair  with  controlled 
rotation  in  roll. 

Mod  ■*  High 

Mod  •>  High 

Central 

Dissociative 
sensations . 

Brea' .-off 
phenomenon , 

Zero  -*•  Low 

Sensory  isolation 
and  restraint. 

Low 

Low 

'Fascination' 

Alteration  of 
direction  of  '■en- 
tion  with  task  ad. 

Zero  -►  Low 

Psychomotor  task  with 
complex  display  and 
task  loading. 

Mod  •>  High 

Low 

Modification  of 
perception  by 
arousal 

Heightened  awatc..  ss 
of  sensory  conflict 
and  impaired  resolu- 
tion of  conflict. 

Zero  Low 

Psychomotor  task  with 
complex  display  and 
task  loading  ■)- 
motion  cues . 

Mod  -*•  High 

Low 

a apecific  evaluatioD  of  the  value  of  tiie  deaonstrationa  to  the  operational  needs  of  particular  aircrew. 

Sow  illusions  can  be  generated  with  siodest  equipnent  and  are  experienced  by  the  majority,  if  not  all 
subjects,  hence  the  cost/effectiveness  oi  the  deiionstration  is  high.  Host  of  the  'vestibular'  illusions 
fall  into  this  category  with  th';  exception  of  pressure  vertigo  and  sane  of  the  more  conq>lex  forms  of  the 
sosMtogravic  and  oculogravic  illusions  (e.g.  'Jet  upset').  Unfortixiately,  perceptual  errors  attributable 
to  changes  in  behavioural  state  and  brain  mechanisms,  rather  than  peripheral  sensory  mechanisms  (e.g. 
Break-off),  cannot  be  reproduced  with  any  certainty  in  the  laboratory  especially  in  the  short  time  avail- 
able for  the  demonstration.  Likewise  perceptual  errors  in  which  there  is  a misinterpretation  of  visual 
cues,  a cocmou  enough  occurrence  in  flight  yet  inconsistent  in  a classroom  situation,  have  also  to  be  given 
a low  cost/effectiveneaa  rating.  Visual  autokinesis  and  vertigo  induced  by  visual  stimuli  are  relatively 
simple  and  reliable  demonstrations  and  can  readily  be  incorporated  in  the  demonstration  of  vestibular 
illusions. 

(c)  Equipment  for  Familiarisation  Training 

Over  the  years  rotational  devices  have  been  constructed  which  are  suitable  for  the  familiarisation 
training  of  aircrew.  Some  have  been  used  solely  for  this  purpose,  others  were  built  primarily  for  research 
but  have  also  been  employed  in  training  programnes.  A detailed  description  of  the  machines,  purpose  built 
for  training,  has  recently  been  prepared  by  Gillingham  (1974).  A classification  of  the  different  types  of 
rotational  devices  considered  to  be  of  utility  for  familiarisation  training  is  presented  in  Table  3. 

TABLE  3 

ROTATIONAL  IgVICES  WITH  UTILITY  FOR  FAKtLIARISATIOH  TRAINIMG 

1.  Spin-tables;  rotation  in  one  axis  only.  Subject  at  or  close  to  axis  of  rotation 

i Turntable,  manually  operated 

e.g.  Ba.any  chair 

FAA  converted  kitchen  stool. 

ii  Turntable,  electrically  driven  with  speed  control 

e.g.  CAMI  Disorientation  Familiarisation  Device  (converted  Stille  Werner  RS.3 

rotation  device) 

Vertigon  (Flight  Products  Inc) 

Modified  Link  Trainer 

.o.;search  turntables,  with  precision  velocity  servos. 

2.  Rotational  devices  with  more  than  one  degree  of  rotational  freedom 

Subject  at  or  close  to  axis  of  rotation 

e.g.  USN  Human  Disorientation  Device  (HDD) 

USAF  SAM  Biaxial  stimulator 
RAF  Desensitisstion  spin  table 

Flight  simulators  with  motion  platforms.  (Most  have  limited  rotational 
freedom  in  all  axes,  though  the  GAT  I series  (Singer  & Co)  and  the  old 
Link  Trainers  have  full  rotation  in  yaw.) 

3.  Rotational  devices  with  subject  at  end  of  radius  arm  (centrifuge) 

i Subject  position  txxed 

e.g.  USN  Slow  Rotation  Room  (SRR) 

USN  Coriolis  Acceleration  Platform  (CAP) 

RAF  Spatial  Disorientation  Familiarisation  Device  (SDFD) 

Research  Centrifuge  (e.g.  Stille  Werner  CF  10). 

ii  Subject  aligned  to  the  resultant  force  vector 

e.g.  Research  centrifuges. 

iii.  Subject  with  rotational  freedom  relative  to  centrifuge  rotation 

e.g.  USAF  SAM  Spatial  Disorientation  Demonstrator  (SDD) 

USAF  SAM  Spatial  Orientation  Trainer  (SOT) 

Research  Centrifuges  and  Advanced  Flight  Simulators 
(USN  Jchnsville  Centrifuge,  NASA  Ames  Centrifuge  S09). 


(d)  FaniXiTi<«ti»«  ?«*tdatial  of  Ttidai«a 


Tb*  ability  at  a pottlevlar  de?toc  to  c«gba  dlao riant  »ting  ^tceptioos  doponda  intax  alia  apooi  tliQ 
degtae  of  rotational  fTeadon.  the  diataace  of  the  si&jeet  fron  a contrs  of  tocatfoa^  md  the  precision  of 
control  of  the  ac^tlar  notion.  A coneideracion  of  the  seeexal  catagorios  of  nnchicos  nhich  My  bo  ooad 
for  fodliacisation  traia’ng  and  ch«  illnaions  nhitdi  haee  a good  ccst/ef£ectio«nass  index  (os  foxnolated 
in  Table  2)  led  to  the  conatrKCion  of  Td>le  4 oben  the  'foanlisrisatian  potential'  of  each  type  of 
■schiBe  is  assessed. 

i Devices  vith  sobject  near  axiJ  of  rotation 

The  najority  of  sensory  illusions  brou^t  about  by  stinolation  of  the  seaicircular  canals  cm  be 
deaoostrated  by  a very  sinple  turntable  of  the  Baraiy  chair  type.  Bouever,  the  introduction  of  speed 
control  and  a ponered  drive  enhances  the  quality  of  the  denopstTstion.  Snstained  rotation  at  constant 
speed  followed  by  e stopping  stinulus  is  nore  easily  achieved  and  the  decoy  of  pie-  md  poat-rotational 
effects  can  be  acre  relish ly  shown.  In  addition,  controlled  acceleration  can  be  nade  during  rotation  and 
the  role  of  the  aeai-circular  canals  as  sensors  of  the  change  in  velocity  coisvincingly  deaonstrated. 


lABLg  4 

rANIIJASIsmOH'  POIEHTIAI.  OF  B0T4TICHA].  KVICES 


Subject  at  centre 

1 Sihject  at  end  of  radius  arm 

Botatioa  'n  yaw  only 

Rotation  in  Tsw 

Fixed 

Seat  aligned 

vich 
rotation  in 

Manual  spin 
table 

Velocity 
controlled 
spin  table 

* rotation  in 
orthogonal  axis 

seat 

with  resultant 

pitch  and/or 
roll 

1U.DSI0K 

Vestibular  (Antclar) 

a)  SiA-threshold 
stimuli 

0 

+ a) 

+ (1) 

♦ (1) 

± (1) 

+ (1) 

b)  Somatogyral 

+ 

♦ 

+ 

± (2) 

± (2) 

± (2) 

c)  Oculogyral 

-f 

♦ 

± (3) 

± (3) 

± (3) 

d)  Nystagmus  on  vision 

♦ 

+ 

+ 

+ 

+ 

+ 

e)  Cross-coupled 
stimuli 

+ 

+ (4) 

+ (5) 

+ (5) 

+ (4,5) 

Vestibular  (Linear) 

a)  Somatogravic 

0 

0 

0 

+ 

0 

+ 

i)  Oculogravic 

0 

0 

0 

+ 

0 

-f 

c)  'G'  excess 

0 

0 

0 

± (5) 

t (5) 

± (5) 

d)  l,eans 

0 

0 

+ (1) 

± 

0 

+ (6) 

Vis ual 

a)  Autokinesis 

+ (7) 

+ (7) 

+ (7) 

+ (7) 

+ (7) 

+ (7) 

b)  Auto-rotation 

(Circular  vection) 

+ (8) 

+ (8) 

+ (8) 

± (9) 

± (9) 

± (9) 

Key:  0 Illusion  cannot  be  demonstrated;  i Demonstration  uncertain  or  confused; 

+ Illusion  produced  consistently. 

Notes 

1.  Device  to  have  geod  control  of  angular  acceleration  and  negligible  mechanical  cues  of  rotation. 

2.  Perception  of  angular  motion  confounded  by  changing  force  vector. 

3.  Oculogyral  and  oculogravic  illusions  confomded. 

4.  Cross-coupled  stimuli  not  dependent  on  volitional  head  movement. 

5.  Cross-coupled  effects  confounded  with  'G'  excess  effects. 

6.  Note  1.  applies  to  roll  motion. 

7.  Demonstration  of  autokinesis  does  not  require  a rotational  device;  can  be  combined  with 

demonstration  of  vestibular  illusions. 

8.  Requires  a simple  visual  swtion  display. 

9.  As  8.  but  more  difficult  on  a centrifuge. 
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A Maoslly  driven  diair  awt,  of  neceseitr,  be  of  iight  constmctian  end  cannot  easily  be  provided 
vith  a visual  displqr  for  the  deaoostratian  of  visual  illusions  of  vestibular  origin  or  the  effect  of 
inappropriate  nystagmus  on  vision.  Fnrtbeiuore,  wei^t  restrictions  preclude  the  housing  of  the  sid>ject 
in  an  analogue  'cockpit'  and  hence  nakes  it  aore  difficult  for  the  student  and  instructor  to  relate 
experience  in  the  faniliarisation  device  uidi  that  in  the  flight  environnent. 

In  order  to  produce  sid>-direshold  etiamli  without  uechanical  or  auditory  cues  of  aotion,  greater 
denands  are  made  on  the  quality  of  constrx.-ction  of  the  device  and  the  precision  of  control,  factors  whidi 
mdoubtedly  increase  the  cost  of  the  fsailiarisation  device.  However,  the  ability  to  rotate  and  accelerate 
sidijects  without  their  reporting  any  sensation  of  angular  aoveuent  is  a powerful  deaonstration  of  the 
inadequacy  of  the  vestibular  system.  It  can  be  used  to  iupress  upon  the  student  that  disorientation,  in 
which  there  is  a failure  to  detect  a diange  in  aircraft  attitude,  can  be  as  disturbing  and  disruptive  as 
those  acre  cc—nnly  described  incidents  in  which  inappropriate  sensations  are  engendered  by  supra- threshold 
stimuli.  Unfortunately,  die  ediibition  of  sid>-threshold  angular  acceleration  does  tend  to  be  time  con- 
siaing  and  hence  may  have  to  be  omitted  from  the  familiarisation  training  prograame. 

The  introduction  of  controlled  motion  of  the  sihject  about  roll  or  pitch  axes  considerably  increases 
the  complexity  and  cost  of  the  fasdliarisation  device  without  a connensurate  extension  of  deiaonstration 
potential.  Admittedly  the  ability  to  rotate  in  roll  does  allow  the  'leans'  to  be  induced  by  sidi-threshold 
uovenen ts  and  adaptive  adjustments  of  the  subject's  perception  of  orientation  to  the  gravitational  vertical 
to  be  demonstrated,  but  in  order  to  generate  appropriate  stimuli  a high  quality  motion  system  is  required. 
The  presence  of  a second  rotational  axis  also  allows  cross-coupled  stimuli  to  be  generated  in  a controlled 
manner,  but  the  dependence  of  the  sensation  on  head  movement  is  less  obvious  than  idien  the  student  has  t'’ 
move  his  head  volitionally . It  may  be  argued  (Dowd,  1973b)  that  the  use  of  a familiarisation  device  with 
more  than  one  degree  of  angular  freedom  increases  the  acceptability  of  the  demonstration  to  aircrew. 
Undoihtedly,  the  motion  is  a little  more  like  that  of  the  real  aircraft,  but  it  is  incapable  of  adequate 
simulation  of  aircraft  motion. 

In  view  of  the  limited  extension  of  the  type  of  illusion  which  can  be  induced  by  the  provision  of  a 
second  rotational  axis,  and  the  full  in  cost  effectiveness,  it  was  the  opinion  of  the  Working  Group  that 
for  the  routine  instruction  of  ai  xrew  a familiarisation  device  with  one  axis  of  rotation  was  adequate. 

ii  Devices  with  subject  at  end  of  a radius  arm  (centrifuges) 

Tne  deficiency  of  familiarisation  devices  in  which  the  subject  is  situated  close  to  the  axis  of  rota- 
tion is  that  illusions  associated  with  an  abnormal  force  environment  (such  as  the  somacogravic  and  oculo- 
gravic  illusions)  cannot  be  evoked.  On  the  ground, the  only  realistic  means  of  generating  a sustained  force 
vector  which  differs  in  direction  from  the  gravitational  vertical  is  a centrifuge.  The  magnitude  of  the 
radial  acceleration  required  can  be  quite  low,  0.2-0. 5 G being  quite  sufficient  to  demonstrate  a shift  in 
the  perceived  vertical.  The  demonstration  device  need  not  be  a large  and  expensive  structure  such  as  the 
human  centrifuges  found  in  many  research  laboratories;  a relatively  simple  device  with  the  subject  placed 
1-2  m from  tlie  centre  of  rotation  will  suffice.  Tne  seat  or  cab  holding  the  subject  should  be  fixed  with 
respect  to  the  arm  of  the  centrifuge.  A suspended  cab  which  aligns  with  the  resultant  is  unsuitable  for 
the  demonstration  of  somatogravic  and  oculogravic  illusions,  although  the  complex  vestibular  stimulus  on 
starting  and  stopping  can  generate  significant  and  disturbing  sensations  as  wel?.  as  motion  sickness. 

Unfortunately  no  ground  based  cp.n''rifuge  permits  of  an  unambiguous  demonstration  of  the  illusions 
induced  by  head  movements  in  an  abnormal  force  environment  (the  'G  excess'  illusions)  for  the  presence  of 
angular  motion  ensures  that  cross-couplcd  stimulation  of  the  semicircular  canals  will  occur  when  the  sub- 
ject moves  his  head  out  of  the  plane  of  rotation.  Nevertheless,  despite  this  compounding  of  'G  excess' 
and  cross-coupled  effects,  a device  in  which  the  subject  is  not  seated  close  to  the  axis  of  rotatiot:  still 
provides  a good  demorstration  of  the  disorientation  pioduced  by  head  movement  in  an  aircraft  executing 
angular  motion. 
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Prorisioa  of  ■otioa  in  pitch  or  roll  to  the  aabject  at  the  end  of  the  centrifuge  am  does  not.  for 
reasons  alieady  adduced,  significantly  advance  the  faailiarisatian  potential  of  the  device,  likewise, 
the  ability  to  alter  the  distance  of  tu«  subject  frow  the  emtre  of  rotation  idiile  the  device  is  in  aotion 
(as  in  CAP)  increases  the  cost  and  cowplexity  of  the  equipnent  without  cnwswniurate  enhsneenent  of  its 
utility  for  aircrew  training. 

(e)  keconnended  Characteristics  of  a Paniliarisation  Device 


Frob  the  preceding  review  of  the  types  of  illusions  whidi  mmj  effectively  be  dnaonstrated  to  student 
aircrew  and  of  the  equipnent  required,  it  is  apparent  that  no  one  rotational  device  is  ideal  for  fmiliar- 
isation  training.  Meveirtbeless,  there  are  desirable  diaracteristics  for  such  a training  device  whidi,  in 
the  opinion  of  die  Working  Group,  have  the  following  priorityi- 

kotation  Device 

i There  should  be  one  degree  of  angular  freedow  with  rotation  about  a vertical  axis . 

ii  The  oevice  should  have  a powered  drive  to  give  rotational  speeds  of  up  to  120**/sec  controlled 
to  an  accuracy  of  approxiwately  52  of  indicated  speed. 

iii  Acceleration  and  deceleration  to  be  achieved  in  a reproducible  annner  without  jerks,  with 
naxinun  and  aininun  rates  of  approxinately  lS°/sec^  and  |°/sec^  respectively.* 

iv  kotation  to  be  as  free  as  possible  froa  aechanical  and  auditory  cues  of  notion,  with  no  jolt 
on  stepping;  auditory  siasking  can  be  enployed  if  necessary. 

v Device  to  be  fitted  with  emergency  brake  and  circuits  to  ensure  safety  of  occupant(s) . 

Subject  Coapartaent 

i The  device  may  carry  one  or  nore  subjects  in  an  enclosed  ccapartaent. 

ii  Each  subject  to  be  provided  with  a visual  display,  inside  the  coapartaent  (capsule  or  cabin) , 
having  some  similarity  to  aircraft  instruaents.  The  display  should  have  a luoiinous  line  which  the 
subject  can  adjust  to  apparent  vertical  or  horitontal  and  an  indicator  of  control  stick  position. 

iii  Lighting  within  the  capsule  to  be  controlled  externally. 

iv  Windows  in  the  compartment  should  permit  the  subject(s)  to  see  the  room  in  which  the  device 
is  housed. 

V The  compartment  should  be  of  sufficient  size  to  allow  the  subject(s)  to  be  seated  at  a distance 
of  1 m or  more  from  the  rotation  axis  sc  that  he  (they)  may  experience  a radial  acceleration  of 
0.2-0. 5 G at  the  head  when  the  device  is  rotating  at  maximum  speed.  If  possible  the  facility  to 
seat  subject(s)  close  to  the  axis  of  rotation  should  be  preserved. 

vi  Subject(s)  to  be  provided  with  a safety  harness  but  should  have  sufficient  mobility  to  make 
voluntary  head  n."waents  in  pitch  and  roll  planes.  Monitoring  of  head  movement  (e.g.  by  closed 
circuit  television  (CCTV)  or  a position  indicating  device)  is  desirable. 

vii  Two  way  voice  communication  between  instructor  and  student(s)  should  be  provided. 

Demonstration  Room 

i The  room  housing  the  familiarisation  device  should  be  capable  of  being  blacked  out. 

ii  It  should  have  on  the  walls,  or  on  a circular  screen  surrounding  the  device,  a painted 
'horizon'  slightly  below  the  subject's  eye  level.  Small  light  sources  which  may  be  seen  by  the 
s’ibject(s)  from  the  device  should  also  be  provided. 

iii  If  the  device  holds  only  one  subject,  observers  in  the  demonstration  room  should  be  able  to 
see,,  either  by  direct  vision  or  CCTV,  the  motion  of  the  rotation  device  and  the  movements  of  the 
subject  within.  They  should  also  be  able  to  hear  conversation  between  instructor  and  student  and 
the  verbal  reports  of  sensed  motion  by  the  subject. 


* If  acceleration  is  not  adjustable  it  should  be  approx.  15°/sec^  ± 2°/sec^. 


(f)  Coa^Bct  ot 


ittmtiqfc 


the  ptooedax*  to  be  followed  dnxiac  a dMoaatzatiaa  intended  to  fewiliariae  airexew  with  aoee  of  the 
eenaoxy  illviona  neaponeible  for  tf^tial  disorientatioa  will  depend  open  a rnaihcr  of  facton,  nancly:  the 
type  of  rocational  dewice  owployed,  the  mrtar  of  stndenta  to  be  inatrocted,  and  the  tine  available. 
Detailed  acemaita  of  the  prooadnEe  followed  within  the  CdID  DMorientatian  Device  (Collina,  1970)  and  the 
OSAF,  SOT  (Dowd  et  al,  1970)  have  been  pidiliahed;  a bdtedule  deacribing  the  nee  nf  a pxopoaed  DSD  nnlti- 
aeat  denonetxator  ia  given  in  Annez  E of  thin  report.  Frow  theae  accoonts  several  fea=axea  ewerge  which 
axe  coaBHn  to  nost  denonstrations  and  illnstrate  the  naoner  in  which  the  vaziooe  illosiona  aey  be  generated. 

Ihe  description  whidi  follows  is  fairly  detailed,  but  its  length  shculd  not  be  allowed  to  obscure  the 
fact  that  the  coapooents  of  the  denoostration  ney  be  perfomed  sequentially  and  that  the  whole  procedure 
need  not  take  note  than  15  win. 

i Autokinetic  phenoewna 

The  subject  is  put  in  the  cab  (or  'cockpit')  of  the  device  and  all  li^ts,  roon  and  cab,  extinguished 
with  the  exception  of  a snail  isolated  fixed  li^t,  preferably  at  a distance  greater  than  2 n fron  the 
sihject.  Subjeccive  reports  of  apparent  notion,  either  of  the  target  light  (visual  autokinesis)  or  of 
the  subject  (subjective  autokinesis)  should  be  reported  witiiin  60  sec.  Autokinesis  develops  wore  rapidly 
if  the  light  is  turned  on  and  off  at  about  1 sec  intervals,  and  sid>jects  are  nade  aware  before  the  denon- 
stration  begins  that  the  device  can  rotate. 

ii  Soaatogyral  and  oculogyial  illusions 

Effect  of  angular  acceleration.  With  roon  lights  off  and  cockpit  illtwinated  the  subject  ie  asked 
to  report  sensations  of  novewnt. 

If  the  aachine  has  good  velocity  control  and  negligible  nechanical  and  auditory  cues  when  turning,  it 

ft  9 ft 

is  possible  to  accelerate  the  device  at  O.S  /sec  up  to  say  30-40  /sec  without  any  sensation  of  turning 
being  aroused.  More  connnnly,  a modest  (say  5*’/sec^)  acceleration  can  be  employed  to  bring  the  subject  to 
a fixed  speed,  when  the  initial  angular  notion  is  correctly  sensed  and  may  be  accompanied  by  some  apparent 
movement  and  displacesienc  of  target  lights  or  other  visual  display  which  rotates  with  the  sihject 
(oculogyral  illusion). 

Once  a constant  speed  of  rotation  has  been  reached  the  sensation  of  turning  decays  as  the  cupulae  of 
the  stimulated  canals  return  to  their  neutral  position.  This  response  can  be  used,  along  with  the  effect 
of  sub-threshold  stimuli  to  illustrate  how  the  semicircular  canals  provide  inadequate  or  no  information 
during  prolonged  rotation.  When  the  subject  has  stabilised  at  constant  speed  a short  deceleration  at 
10-15?sec^to  a J.ower  velocity  may  be  introduced  to  illustrate  how  the  vestibular  system  senses  the  change 
in  angular  velocity.  The  subject  will  report  rotation  in  the  opposite  direction  to  that  in  which  he  is 
still  turning.  This  is  apparent  to  the  observers,  though  room  lights  have  to  be  switched  on  to  show  the 
subject  the  erroneous  nature  of  his  perception  of  rotation. 

With  room  li^ts  off,  the  speed  of  rotation  is  increased  to  90-120°/sec  at  a supra-threshold  rate  and 
the  opportunity  taken  to  illustrate  again  the  oculogyral  illusion.  When  at  steady  speed,  head  mevesents 
can  be  made  and  the  responses  to  cross-coupled  stimulation  (vide  infra)  elicited. 

Deceleration  of  the  turntable  to  rest  within  a few  seconds  simulates  (in  part)  the  stimulus  on 
recovery  from  a spin  and  evokes  a strong  vertigo  with  rotation  in  the  opposite  direction  to  the  original 
motion.  Characteristic  visual  disturbances  are  also  produced  with  initial  blurring  of  vision  and  then 
apparent  motion  and  displacement  of  instrunents  within  the  cockpit.  The  blurring  of  vision  and  inability 
to  read  a numerical  display  during  the  inmediate  post-rotational  period  provide  a clear  demonstration  of 
vestibular  control  of  the  eye  movements  and  allows  the  instructor  to  talk  about  the  deleterious  effect  of 
alcohol  on  the  voluntary  suppression  of  these  inappropriate  eye  movements  (Collins  et  al,  1971). 
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la  tlie  post-totational  period  the  rooa  aqr  be  kept  darkeoed  and  the  dancioo  of  the  senaatioa, 
typically  20  sec  or  looser,  obaerved.  Alternatively,  rocni  li^ta  any  be  witched  on  to  show  bow  laiaAigqous 
visnal  cues  suppress  or  at  least  shorten  the  illnsory  sensation. 


iii  Cross 


uled  (Coriolis)  Stiwulat-'on 


The  sensations  produced  by  cross~coiipled  stisMlation  of  the  sewi—circular  canals  is  best  deswns trated 
when  the  tumtAle  is  rotating  at  constant  velocity  and  all  sensations  caused  by  the  preceding  acceleration 
or  deceleration  sf'anli  have  died  away.  The  speed  of  rotation  should  be  between  6o'’-9o'’/sec,  at  higher 
velocity  the  respooses  can  be  too  severe  and  nay  bring  on  undesirable  synptoas  of  notion  sideness  before  a 
siigtle  sequence  of  head  novewnts  is  conpleted;  though  the  iniv>l«ntaty  novenent  of  the  sidtject's  tnmh  and 
liabs,  which  frequently  acco^ianiv's  the  evoked  sensatioc  are  less  dranatic  at  the  Icwer  speeds. 


With  cockpit  lights  on  and  rooa  lifots  off  the  sid>ject  is  instructed  to  tilt  his  head,  fairly  briskly 
fron  the  noinal  position  to  the  ri^t  ear  down  position  and  to  keep  his  head  in  that  tilted  position.  If 
the  device  is  rotating  in  a clockwise  direction,  the  subject  should  report  a sensation  of  pitch-up  with 
perhaps  a ynsing  conponent  to  the  left.  The  note  experienced  aircrew  onetines  describe  the  sensation  to 
be  like  that  of  a spiral  clid>,  -especially  when  the  head  novenent  is  not  purely  in  the  roll  axis.  The 
other  inportant  feature  of  the  illusion  to  be  elicited  is  the  apparent  pitch-up  cliange  in  attitude  of  the 
whole  cabin  and  the  brief  (1-2  sec)  blurring  of  -vision  inaediately  following  the  head  novenent.  The  sensa- 
tions die  away  in  about  10-15  sec  and  the  sidiject  feels  that  he  is  slowly  returning  to  the  straight  and 
level  position. 


At  least  30  sec  should  elapse  before  the  subject  is  told  to  n»ve  his  head  briskly  to  the  noraal 
upright  position.  The  sensations  are  the  reverse  of  those  on  tilting  the  head  to  the  right,  with  pitching 
nose  down,  or  diving,  with  a less  obvious  yawing  notion  to  the  right.  It  should  be  noted  that  the  illusion 
engendered  by  the  head  novenent  is  not  sinply  one  of  a change  of  attitude  in  the  pitch  plane,  but  also  of 
angular  notion  of  the  whole  eu-vironnent  in  the  nose-iq>  or  nose-down  direction. 

The  demonstration  continues  with  movement  of  tiie  head  in  pitch.  On  mo-ving  the  head  forward  to  the 
nose-down  position  the  dominant  sensation  is  of  bank  and  roll  to  the  right;  the  converse  sensation  is 
experienced  upon  returning  the  head  to  the  vertical  position.  As  before,  30  sec  or  more  should  elapse 
between  each  head  movement.  If  time  permits,  head  movements  from  the  normal  vertical  position  to  the  tilt 
back  or  tilt  left  positions  may  be  assayed,  as  well  as  head  movements  from  right  ear  down  to  left  ear  down. 
Hie  latter  manoeuvre  evokes  particularly  strong  sensations. 

Repetition  of  one  or  more  of  these  stimulus  patterns  with  the  room  lights  on  should  bring  about  an 
attenuation  of  the  intensity  of  the  illusory  sensations  and  a shortening  of  their  duration.  This  feature 
of  the  demonstration  illustrates  the  strength  of  external  -visual  cues  in  suppressing  false  vestibular  sen- 
sations and  how  such  veridical  cues  allow  the  a-viator  to  resolve  the  perceptual  conflict  which  is  a common 
feature  of  most  spatial  disorientation  incidents  in  flight. 

Sidijects  should  be  monitored  for  the  signs  and  symptoms  of  motion  sickness  during  this  demonstration 
(Money,  1970);  if  any  are  present,  no  further  head  movements  should  be  requested  and  rotation  should  be 
stopped  by  a gentle  deceleration. 

iv  Somatogravic  and  oculogra-vic  illusions 


Demonstration  of  these  illusions  required  the  subject  to  be  off-set  from  the  axis  of  rotation  by  at 
least  1 m,  preferably  at  a greater  radius.  Ihe  sidiject's  seat  should  be  fixed  sc  that  he  is  either  facing 
along  the  radius  or,  alternatively,  at  right  angles  to  the  radius.  It  is  desirable  that  he  should  ha-ve 
adequate  -view  of  the  room  when  it  is  suitably  lit. 

Wi'b  room  and  cabin  lights  off,  the  rotation  de-vice  is  accelerated  at  10-is‘*/sec^  to  a -velocity  which 
gives  a radial  acceleration  of  about  0.2-0. 5 G at  the  subject's  head.  During  this  phase  the  subject  will 


MOM  lb*  rot«cioa,  • •ensatioc  whidi  decays  tmce  the  device  haa  achieved  a cooatant  apeed,  aa  alxaadf 
deactibed. 

After  30  aec  at  conataot  apeed,  the  aibject  ia  aaked  to  xeport  bia  attitude  relative  to  the  vertical 
and  to  aet  a viaual  aaiber.  If  be  facea  aloag  a radiue,  he  ahould  be  provided  with  a Ivuncoa  horizontal 
bar  which  can  be  aet  in  elevation  to  indicate  pitch  attitude,  or  oidi  a vertical  array  of  aaall  ligbta  one 
of  which  can  be  aelectively  illiaiBated  to  indicate  the  horizontal.  Alternatively,  if  he  faces  along  the 
tatgent,  the  Itadnoua  bar  ahould  rotate  ia  the  roll  axis  and  be  uaed  to  indicate  the  aubjective  vertical. 
During  the  enaning  60  aec  aoat  aihjecta  will  import  an  apparent  change  of  attitude  in  which  the  aid>jective 
vertical  becoaea  approxiaately  aligned  with  the  reaultant  force  vector.  Ihua  if  the  aidiject  faces  the  axis 
ot  rotation  he  will  sense  a pitch-up  change  in  attitude  and  set  the  borizoo  bar  low;  his  sensation  and  set- 
ting will  be  the  converse  if  he  faces  outward.  If  he  faces  along  the  tangent,  then  the  aoaatogravic  illu- 
sion is  a false  perception  of  roll  attitude  in  which  the  sihject  feels  that  he  and  the  cab  lean  outwards. 

In  the  denonstratiott  of  this  type  of  illusion  it  is  inportant  to  show  the  sihject  that  bis  perception 
of  the  vertical  or  horizontal  is  false.  This  nay  be  done  by  illimnating  the  'cockpit'  instnaents  and 
pointing  out  that  fiducial  narkera  on  the  display  indicate  the  true  attitudes.  Alternatively,  the  toon 
li^ts  nay  be  switched  on  so  that  the  sidtject  nay  see  a real  horizontal  reference.  A weighted  needle  or 
plia^  line  in  the  cab  can  be  used  to  show  the  direction  of  the  resultant  force  vector. 

On  deceleration  at  l(V-ls‘’/sec^ , the  subject  experiences  the  usual  post-rotary  sensations  of  angular 
notion.  If  asked  to  continue  adjustnent  of  Che  liainous  bar  or  other  attitude  indicator  after  stopping, 
cononly  40-60  sec  are  required  before  the  indicated  attitude  corresponds  to  the  true  vertical.  The  revela- 
tion, soae  20-30  sec  after  stopping,  of  correct  attitude  should  effectively  denonstrate  the  shift,  which  is 
of  an  adaptive  nature,  of  the  perceived  vertical  in  the  direction  of  the  sustained  vector.  This  phenonanon 
■ay  be  eaq>loyed  to  discuss  one  very  coaacn  type  of  spatial  disorientation,  naoely  'the  leans',  though  care 
should  be  taken  to  distinguish  between  sonatogravic  illusions  and  'the  leans'  and  to  point  out  that  the 
fonser  is  not  the  cause  of  the  latter. 

RECOMtgMDATIOK  (7:1).  Some  form  of  rotational  device  should  be  employed  for  the  familiarisation  training 
of  aircrew  in  ground  schools.  Preferably  the  device  should  be  used  in  conjunction  with  lectures. 

All  members  of  the  group  under  instruction  should  have  experience  in  the  device  (p.18). 

KECOtflCSDATlOS  (7:2).  A device  with  rotational  freedom  about  a vertical  (yaw)  axis  is  adequate  for 
familiarisation  training.  The  provision  of  rotation  in  roll  and/or  pitch  is  not  considered  to  be  cost- 
effective.  (p.22) 

RECOMMENDATIOM  (7:3).  The  ability  to  rotate  the  subject  at  a distance  from  the  axis  of  rotation  suffi- 
cient to  generate  a radial  acceleration  of  0.2-0. 5 G is  advantageous  and  allows  somatogravic  and  allied 
illusions  robe  demonstrated,  (p.22) 

RECOtgZNDATIOM  (7:4).  Thr.  performance  and  facilities  of  the  familiarisation  device  should  be  in  accord 
with  the  specifications  given  (Sect.  7e).  (p.23f 


Sect.  8.  GROUND  BASF.D  MOTION  IgVICES  TO  MODIFY  PERCEPTUAL-MDTO.’.  RESPONSES  TO  DISORIENTATING  STIMULI 

In  the  preceding  section  consideration  was  given  to  tlie  use  of  demonstration  or  fs-aliarisation 
devices  as  a component  in  the  aerofsedical  training  of  aircrew.  The  Working  Group  was  unanimous  in  its 
opinion  that  equipment  of  the  type  described  enhances  the  effectiveness  of  other  instructional  material 
(lecture,  film,  etc)  and  reinforces  the  student's  awareness  that  disorientation  in  flight  is  a problem 
that  he  himself  may  have  to  cope  with  in  the  flight  environment.  The  student  is  thus  more  likely  to  take 
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note  of  and  teaeid>er  instruction  on  why  and  when  disorientation  occurs  in  fli^t  and,  of  even  greater 
i^ortance,  what  to  do  about  disorientatioo  when  it  occurs  in  flight. 

The  influence  of  such  a deBonstration  is  thus  priaarily  at  the  cognitive  level.  However,  the  opinion 
has  been  expressed  (Dowd  al,  1970;  Dowd,  1974)  that  experience  gained  in  a sore  elaborate  groixid-based 
training  device  aay  positively  influence  the  perceptual  and  aotor  responses  of  the  aviator  in  a way  whidi 
iaproves  his  ability  to  control  an  aircraft  in  the  presence  of  disorientation  stress.  Such  a groixid-based 
training  device  is  thus  invested  with  the  aantle  of  a surrogat*  aircraft  and  becooes  an  aircraft  siaulator 
in  which  the  student,  putatively,  acquires  skill  in  the  recognition  and  identification  of  inappropriate 
sensory  cues,  leams  how  to  resolve  disorientational  conflict,  and  develops  optinn  control  strategies  for 
recovery  froa  unusual  attitudes. 

The  assix^ition  with  this  type  of  simulator  training,  as  indeed  with  all  other  simulators,  is  that 
there  is  a positive  transfer  from  the  groixid  to  the  air;  skill  acquired  in  the  simulator  is  of  positive 
value  to  the  aviator  in  the  real  aircraft.  Thus,  as  a result,  the  time  required  to  train  a pilot  in  the 
air  can  be  reduced  because  skill  is  acquired,  at  lower  cost  and  with  greater  safety,  on  the  ground. 

The  use  of  simulators  in  which  there  is  a high  degree  of  realism  in  the  behaviour  of  visual  displays 
(instnsaents  and  external  visual  world)  and  cockpit  configuration,  have  a proven  role  in  the  training  of 
aircrew,  particularly  in  procedural  and  instrument  flying.  However,  the  use  of  'man  in  the  loop'  simula- 
tors which  have  motion  systems  systems  capable  of  generating  conflicting  sensory  cues,  coomensurate  with 
the  disorientation  suffered  in  real  flight,  has  yet  to  be  justified  in  the  training  situation. 

(a)  A Decision  on  Motion  Simulators  for  Response  Modification 

Many  experienced  pilots,  as  a result  of  exposure  to  the  motion  stimuli  of  the  flight  environment, 
appear  to  develop  changes  in  their  perceptual-motor  responses  to  disorienting  stimuli  which  are  beneficial 
in  flight.  Likewise,  similar  but  not  identical  response  changes  have  been  demonstrated  in  laboratory  sub- 
jects after  repeated  exposure  to  unusual  motion  conditions  (Guedry,  1965).  However,  many  instances  of 
disorientation  in  flight  come  from  the  absence  of  sensory  information  rather  than  from  visual  or  vestibular 
misinformation.  Furthermore,  many  visual-vestibular  conditioning  or  habituation  experiments  indicate  some 
specificity  of  habituation  to  the  particular  test  situation  (Collins,  1973). 

An  additional  problem  which  raises  doubts  about  the  positive  transfer  of  training  from  a simulator/ 
trainer  of  the  SOT  type  (USAF  Brooks  AFB)  is  that  the  motion  of  the  device  is  very  different  from  that  of 
the  real  aircraft.  By  necessity,  linear  accelerations  have  to  be  generated  by  rotation  of  the  device  at 

a substantially  higher  angular  rate  than  occurs  in  the  flight  situation.  Hence  changes  in  the  simulator 

force  environment  will  be  accompanied  by  angular  stimuli  which  are  not  typical  of  those  in  the  flight 

environment.  Techniques  for,  say,  recovery  from  unusual  attitudes  developed  by  the  student  during  a 
period  of  'training'  on  the  device  will  not,  arguably,  be  appropriate  to  the  real  aircraft;  certainly  the 
sensory  input  to  the  aviator  will  be  significantly  different  in  the  two  situations. 

It  is  perhaps  not  generally  recognised  that  any  flight  simulator  with  a motion  base  or  large  visual 
display  to  simulate  aircraft  motion  represents  a potential  negative  transfer  of  training  problem  because 
the  pattern  of  sensory  feedback  differs  from  that  ,.roduced  by  the  same  control  action  in  flight.  The 
flight  simulator,  which  includes  simulated  motion,  presumes  to  condition  the  man  to  the  motion  environment 
while  at  the  same  time  familiarising  him  with  the  cockpit  and  training  him  to  use  the  controls  and  flight 
instruments.  Potential  realism,  added  by  a motion  base  and/or  simulated  external  visual  reference,  may  be 
beneficial,  but  it  may  become  detrimental  if  the  sensory  feedback  is  too  dissimilar  from  that  commonly 
encountered  in  flight  when  similar  control  actions  are  made.  Because  there  is  a range  of  detectable  motion 
cues  which  would  produce  essentially  equivalent  perceptual  motor  responses,  it  might  be  well  for  the  motion 
to  be  restricted  to  the  range  which  minimises  disorienting  cues.  The  range  can  be  partially  specified  from 
current  knowledge,  but  additional  knowledge  could  certainly  be  acquired  as  part  of  simulator  development 
and  evaluation.  Recent  information  on  the  dependence  of  central  visual-vestibular  interactions  on  the 
size  of  moving  visual  fields  is  undoubtedly  highly  relevant  to  simulation  (Dichgans,  1974). 


Thus,  as  one  progresses  froc  a fised-base  internal  cockpit  sinulator,  to  a siaulator  which  introduces 
only  gentle  nanoeuvres  in  which  sensory  feedbadi  is  not  too  different  fron  that  encountered  in  flight,  to 
a aotioa  base  siaulator  which  introduces  bizarre  sensory  aisaatches  for  the  saae  coMand  actions,  one  pro- 
gresses along  a continuia  of  no  concern  to  considerable  concern  about  negative  transfer  of  training. 
Siaulator  sickness,  the  tendency  to  turn  off  the  aotion  base  by  flight  students,  and  the  history  of  dis- 
carded expensive  flight  siaulators  all  testify  to  the  practical  nature  of  this  problea. 

The  inttod;u:tioa  of  illusory  sensations  during  cockpit  faatliarisation  training  as  a aeans  of  training 
individuals  to  fly  in  spite  of  disorientation  has  also  been  st^gested  (Malcik,  1968) . This  could  be  an 
’open-loop'  systea  (less  expensive  than  'closed-loop*  siaulators),  in  which  disorienting  vestibular  signals 
are  introduced  randoaly  so  that  a particular  control  action  would  not  be  associated  with  a particular 
aotion  cue.  Although  this  would  eliainate  one  kind  of  negative  transfer  effect,  there  remains  the  poten- 
tial problem  of  generating  anxiety  and  perhaps  hyperarousal  which  would  not  optiao.se  the  learning  of  the 
aain  task.  Becatae  of  sudi  questicns,  this  is  clearly  a matter  for  research,  perhaps  involving  some  of 
the  more  cost-effective  groups  indicated  below. 

(b)  Cost-Effectiveness  of  Research  on  Conditioning  Procedures 

The  Working  Group  considers  this  to  be  an  important  area  of  research  for  three  reasons:- 

i Such  procedures  nay  eventually  prove  to  be  a desirable  inexpensive  part  of  flight  training. 

It  is  possible  that  group  conditioning  can  be  developed,  possibly  even  by  exercise  prograoas, 
without  the  need  for  coiqplicatzd  devices. 

ii  Cost-effectiveness  is  considerably  enhanced  if  procedures  involving  special  devices  are  applied 
only  to  special  cases  such  as  experienced  aviators  with  presenting  symptoms  of  disorientation,  flying 
phobia,  or  idrsickness. 

iii  This  area  cf  research  is  directly  related  to  problems  encointered  in  flight  sismlators. 

In  regard  to  point  (ii), cost-effectiveness  would  improve  progressively  with  application  of  special 
training  methods  to  the  following  groups:- 

i All  flight  students. 

ii  Beginning  flight  students  in  whom  special  problems  have  been  detected. 

iii  Advanced  students  in  whom  special  problems  have  been  detected. 

iv  Experienced  aviators  in  whom  special  problems  have  been  detected. 

Research  has  indicated  a fair  degree  of  success  in  the  treatment  of  Group  (iv)  with  procedures  which 
seem  to  involve  elements  of  behaviour  modification  with  'sotion  conditioning'  (Dobie,  1976). 

RECOMMENDATION  (8:1).  A distinction  should  be  made  between  motion  devices  used  for  familiarisatlca 
training  which,  in  general,  operate  in  an  'open-loop'  mode  (i.e.  the  man  on  the  device  does  not  directly 
control  its  motion)  and  those  devices  which  operate  in  a 'closed-loop'  mode  (such  as  an  aircraft  simulator 
with  a motion  platfons)  and  are  employed  to  modify  the  perceptual  and  motor  responses  of  the  aviator. 

Research  should  continue  on  the  evaluation  and  development  of  ground-based  procedures  which  might 
favourably  influence  the  perceptual  and  motor  responses  of  the  aviator  in  the  flight  environment  when 
exposed  to  disorientation  stress.  Consideration  should  be  given  to  the  cost-effectiveness  of  such  train- 
ing ais  well  as  to  the  selective  use  of  the  procedure  in  the  aircrew  population,  (p.28) 


Sect.  9.  n-FLIG8T  TUDUMG 


Piecediag  •ectioos  o£  this  report  base  been  coocemed  with  the  ground  based  instruction  and  training 
of  aircrew,  but  it  is  in  the  flight  environnent  that  the  aviator  experiences  disorientating  perceptions 
and  it  is  in  this  environnent  that  errors  or  iapaiment  of  control  engendered  by  spatial  disorientation 
threaten  the  safety  of  aircraft  and  occupants.  Although  it  is  our  opinion  that  iiprovenents  in  the  quality 
of  ground  training  can  help  to  reduce  the  incidence,  of  orientation  error  accidents  and  incidents  in  flight, 
there  is  no  clear  evidence,  at  the  present  tine,  tilsat  ground  baaed  sinulator  training  (of  the  type  dis- 
cussed in  section  8)  can  inculcate  behavioural  responses  conparable  to  those  adiieved  through  experience 
in  the  real  aircraft.  Thus,  at  present,  it  is  only  in  the  real  aircraft  that  the  aviator  learns  to  resolve 
sensory  conflict  and  to  maintain  control  in  the  presence  of  disorientation  stress. 

The  acquisition  of  flying  skill,  of  learning  to  fly,  is  a broad  topic  outside  the  scope  of  this  report. 
However,  in  the  context  of  disorientation  training  in  flight,  two  facets  of  the  problem  were  considered  by 
the  Working  Group:  one,  the  demonstration  of  sensory  fallability  in  flight,  and  two,  learning  to  cope  irith 

disorientation  in  flight. 

Before  entering  a detailed  discussion  of  these  two  problems,  the  importance  of  making  an  unified 
approach  to  ground  based  and  airborne  phases  of  disorientation  training  should  be  reiterated.  The  signi- 
ficance of  instruKnt  flying  as  a prime  etiological  factor  in  spatial  disorientation  should  be,  and 
cononly  is,  adequately  emphasised  during  aeromedical  training.  But,  in  the  experience  of  the  Working 
Group,  problems  of  disorientation  tend  to  be  dealt  with  in  a cursory  manner,  if  at  all,  by  those  respon- 
sible for  teaching  students  basic  instrusent  flying  theory.  Likewise,  the  demonstration  and  discussion  of 
disorientation  by  the  flying  instructor  is  usually  quite  divorced  from  that  given  by  ground  school  lectur- 
ers and  at  best  lacks  the  integrated  approach  which  this  report  attempts  to  foster. 

Kegrettably,  the  impression  gained  by  the  Working  Group  was  that  the  in-flight  demonstration  of 
spatial  disorientation  was  given  a low  priority  by  those  responsible  for  this  phase  of  flying  training. 
Lip-service  is  paid  to  the  problem,  but  in  practice  the  topic  is  neglected.  A nunber  of  factors  contribute 
to  this  neglect,  namely:  pressure  to  reduce  flying  hours,  inadequate  training  of  instructors  in  flight 
manoeuvres  which  induce  disorientation,  a lack  of  consistency  in  the  elicitation  of  illusory  sensations, 
the  possibility  of  loss  of  control  and  consequent  impairment  of  flight  safety,  and  the  absence  of 
'disorientation'  as  an  assessec  topic  in  qualifying  examinations. 

(a)  In-Flight  Demonstration  or  Spatial  Disorientation 

The  need  to  persuade  aircrew,  particularly  the  student  pilot,  about  the  inadequacy  of  non-visual  sen- 
sory cues  for  flight  control  was  .ude  earlier  in  this  report  and  was  used  to  justify  the  use  of  demonstra- 
tion or  familiarisation  devices  ir  the  educational  pcogramue  at  ground  schools.  In  the  classroom, 
stimulus-response  relationships  can  be  analysed  and  basic  mechanisms  of  some  of  the  cosmon  illusions 
explained,  but  the  extrapolation  of  these  experience  to  the  flight  environment  must,  of  necessity,  be 
by  means  of  the  spoken  word.  In  the  aircraft  the  student  can  be  given  the  opportunity  to  discover  for 
himself,  that  his  sensory  system  is  fallable  and,  in  the  air,  is  inadequate  to  maintain  correct  orientation 
when  deprived  of  visual  ciws . 

Fart  of  the  in-flight  demonstration  should  aim  to  show  the  student  that,  without  vision,  his  senses 
frequently  provide  him  with  no  information  about  aircraft  attitude  or  motion,  and  lead  insidiously  to  mis- 
orientation  without  strong  conflicting  perceptions,  rather  than  to  disorientation  with  illusory  sensations 
of  the  type  commonly  described  in  aeromedical  texts.  False  sensations  caused  by  abnormal  sustained  force 
vectors  can  also  be  convincingly  demonstrated  in  the  air.  Somatogravic  illusions  associated  with  changes 
in  aircraft  acceleration  in  the  line  of  flight  can  be  elicited  as  can  the  sensations  induced  by  a head 
movement  made  during  a sustained  turn  when  pulling  'G'  ('G'  excess  and  cross-coupled  stimulation).  Likewise 
the  'Leans'  and  other  illusory  perceptions  associated  with  adaptive  changes  and  sub-threshold  stimuli  can, 
we  believe,  be  quite  simply  and  consistently  produced  by  a specially  trained  instructor. 


The  eixcraft  aanoeuvres  required  to  elicit  dieorientation  will,  of  courae,  vary  with  the  type  and 
perfomance  of  the  training  aircraft,  and  the  tia«  wfaidi  nay  be  devoted  to  in-flight  denonatrationa  will 
depend  upon  the  preaaare  of  the  flying  training  prograaae.  It  ia  cuatoaary  in  nany  centrea  engaged  in 
flight  training,  for  denonatrationa  of  the  inadequacy  and  ’aeat  ' the  panta*  cuea  to  be  aade  only  at  the 
beginning  of  inatrunent  flying  practice.  At  aoae  eatabliahnenta  ae  denonatration  follows  a prescribed 
fora,  at  others  it  is  left  to  the  discretion  of  the  individual  instructor.  As  a result,  sone  students 
receive  an  adequate  denonatration,  others  none  at  all. 


In  the  opinion  of  the  Working  Grot^,  an  in-flight  denonatration  of  spatial  disorientation  should  be 
given  to  all  student  pilots.  An  introduction  to  instrunent  flying  and  a si^le  deaonstratio-.  of  the 
unreliability  of  sensory  nechanisns  should  le  experienced  by  all  pilots  before  they  go  ’solo’  so  that  they 
are  made  aware  of  the  ease  with  which  control  stay  be  lost  if  undue  reliance  is  placed  on  bodily  sensations 
when  flight  has  to  be  made  in  the  absence  of  external  visual  cues.  This  is  a salutary  experience  for 
Service  pilots;  it  is  even  more  important  for  the  ’private’  pilot  whose  activities  are  less  supervised 
than  those  of  a Service  pilot  with  conparable  flying  experience. 


Further  demonstrations  should  be  given  before  beginning  night  flying  and  in  the  early  phases  of 
instnment  flying  training  when  the  pilot,  under  the  hood  with  eyes  closed,  may  be  allowed  to  fly  himself 
into  unusual  attitudes  when  attempting  to  fly  straight  and  level  or  to  perform  a standard  rate  turn 
through,  say,  90°  and  then  f'y  straight  and  level. 

Flight  manoeuvres  developed  in  the  USN  and  USAF  for  the  induction  and  demonstration  of  spatial  dis- 
orientation in  flight  are  presented  in  Annex  F.1A2.  While  acknowledging  the  utility  of  these  manoeuvres 
in  the  hands  of  an  experienced  instructor,  the  Working  Group  had  reservations  about  their  efficacy  when 
executed  by  the  competent  but  less  involved  instructor.  More  information  is  needed  on  the  consistency 
with  which  specific  illusions  can  be  elicited  in  the  flight  environment.  Preliminary  experiments 
(reported  in  Annex  F.2)  have  been  carried  out  by  a member  of  the  Working  Group,  but  much  more  work  is 
needed  before  positive  recoimnendatians  can  be  made  on  the  manoeuvres  to  be  employed  for  the  in-flight 
demonstration  of  spatial  disorientation. 

(b)  Instrument  Flying  Training 

Studies  of  critical  incidents  have  shown  that  spatial  disorientation  occurs  much  more  frequently  when 
flying  by  instcimients  than  when  the  pilot  has  good  extenial  visual  cues.  It  is  not  difficult  to  explain 
why  this  should  be  so,  for  instrument  displays  in  general  lack  the  'strength'  of  the  cues  provided  by  the 
sight  of  aerial  and  terrestrial  objects  viewed  from  the  cockpit.  Instrument  cues  are  symlclic,  the  inform- 
ation is  fragmented  by  the  use  of  separate  dials  and  gauges  so  that  the  perceptual  task  of  interpreting 
such  displays  is  experientially  one  which  is  less  familiar  than  the  interpretation  of  external  visual  cues. 

Simply,  flying  by  instruments  is  a more  difficult  psycho-motor  task  than  flying  by  external  visual 
reference.  Hence  the  task  of  instrument  flying  is  more  susceptible  to  impairment  by  task  load,  anxiety  or 
other  stresses  that  may  raise  the  level  of  'behavioural  arousal'  above  the  optimum.  In  ccxmnon  with  other 
psycho-motor  skills,  the  particular  skill  of  instrument  flying  is  less  likely  to  suffer  impairment  under 
stress  if  the  task  is  'overleamed' : the  desirable  state  is  for  flight  by  instruments  to  be  as  'natural' 
and  as  'automatic'  as  flight  using  external  visiul  cues.  Unfortunately,  this  condition  is  rarely,  if  ever, 
reached  even  in  highly  proficient  pilots  who  are  in  current  instrument  flying  practice.  Nevertheless,  it 
is  an  ideal  to  which  training  should  aspire. 


One  of  the  problems  in  instrument  flying  training,  or  in  the  maintenance  of  efficiency  in  this  type  of 
flying,  stems  from  the  need  to  simulate  appropriate  flight  conditions,  for  the  simulation  attenuates  those 
stresses  which  are  a normal  concomitant  of  flight  in  Instrument  Meteorological  Conditions  (IHC) . Thus  when 
flying  'dual,  under  the  hood'  external  visual  cues  are  largely  excluded  and  the  student  can  devote  his 
undivided  attention  to  the  instruments.  Similarly,  when  a visor  is  used,  visual  attention  is  confined  and, 
as  when  flying  'under  the  hood',  the  student  is  reassured  by  the  presence  of  the  safety  pilor  or  instructor. 
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VhetcM  these  featdxes  are  in  aany  ways  desirable  during  the  early  phases  of  instrunent  flying  train~  I 

ing  they  tend  to  isolate  the  pilot  frosi  the  situations  idiich  characteristically  cause  spatial  disorienta- 
tion in  nonsal  operational  conditions.  There  is  no  denand  in  this  training  node,  to  look  outside  the 
cockpit  and  naintain  surveillance  for  other  aircraft.  Accordingly,  there  are  no  external  visual  cues  to 
conpete  with  instruaent  cues  in  the  perception  of  aircraft  orientation,  as  occurs  when  flying  IHC  in  cloud 
or  atnospheric  haxe.  Yet,  when  flying  'under  the  hood'  cr  with  a 'visor',  cues  of  aircraft  orientation 
can  be  obtained  fron  the  li^t  distribution  within  the  cockpit;  when  a visor  is  used,  a brief  view  of  the 
external  scene  on  ndcing  a saall  head  noveacnt  can  provide  cues  sufficient  to  permit  correct  aircraft 
orientation. 

I 

I 

• 

Once  the  rudiwents  of  instrwent  flying  have  been  gained  by  the  student  the  sthsequent  training  is  | 

mainly  in  'procedural'  flying.  Recovery  of  unusual  attitudes  does  feature  in  the  more  advanced  phases  of 
the  training  prograae,  but  once  mastered,  the  ability  to  interpret  instnaaents  and  establish  control  in 
the  presence  of  conflicting  orientational  cues  is  rarely  stressed.  1!his  is  unfortunate,  for  it  deprives 
the  student  of  the  opportimity  to  develop  his  ability  to  fly  by  instruments  in  the  presence  of  disorienta- 
tion and  other  stresses,  and  so  to  build  his  confidence  in  his  ability  to  cope  with  disorientation  if  | 

and  when  it  occurs  during  the  course  of  normal  flying  duties. 

The  foregoing  comoMnts  should  not  be  restricted  to  the  student  pilot,  for  no  less  a need  exists  for 
the  experienced  pilot  to  develop  and  maintain  his  <^ility  to  resolve  conflicting  cues  and  preserve  control 
when  flying  on  instruments. 

i 

(c)  Proposals  for  Mote  Realistic  Instrument  Flying  Training 

The  following  proposals  merely  outline  what  seem  to  be  the  optimal  principles  which  should  be  con- 
sidered in  defining  the  best  approach  to  instrument  flying  training: - 
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i The  simulation  equipment  of  the  aircraft  should  attempt  to  reproduce  instrument  fli^t  in  haze. 
The  trainee  should  not  be  so  isolated  from  the  outside  world  that  he  is  not  obliged  to  look  out.  It 
is  only  by  looking  out  of  the  cockpit  that  he  will  experience  the  problems  which  can  arise  die  to 
visual/vestibular  conflict  and  gain  experience  of  rapid  transfer  from  external  to  internal  (instru- 
ment) references. 

ii  The  instrument  flying  flight  procedures  should  be  aimed  at  a positive  approach  to  tho  control  of 
the  aircraft  by  the  trainee  pilot  «1>an  exposed  to  disorientating  cues.  The  instrument  flight  profile 
should  be  continuous  over  a period  of  at  least  20  min  and  include  a series  of  flight  manoeuvres  which 
induce  dis‘>rientating  sensations.  The  trainee  would  be  required  to  recover  the  aircraft  smoothly 
from  these  unusual  positions  despite  the  presence  of  disorienting  conditions. 

The  emphasis  should  be  placed  upon  positive  aircraft  recovery,  where  the  pilot  retains  complete 
control  over  the  aircraft  by  correct  interpretation  and  belief  in  h's  instruments  and  disregard  of 
disorientating  cues.  This  is  considered  to  be  a powerful  tool  for  increasing  the  individual's  confi- 
dence in  his  ability  to  fly  his  aircraft  in  extreme  situations  which  are  very  real,  as  well  as  teach- 
ing him  not  to  attend  to  vestibular  and  'seat  of  the  pants ' sensations . It  is  important  to  note  that 
the  whole  in-fli^t  disorientation  training  programme  should  lead  up  to  this  goal  and  be  so  graduated 
in  duration  and  severity  that  an  individual's  confidence  is  not  undermined  in  the  early  stages 

iii  Consideration  should  be  given  to  allowing  the  more  senior  students  to  carry  out  solo  instrument 
flying  in  haze  or  cloud  and  ultimately  this  s.bould  include  the  ability  to  recover  from  unusual  posi- 
tions whilst  flying  solo.  Clearly,  a balance  between  the  dictates  of  operational  efficiency  and 
flight  safety  must  be  worked  out.  It  is  felt,  however,  that  the  present  inhibited  approach  to  solo 
instrument  practice  during  flying  training  leads  to  a disproportionate  increase  in  difficulty  as  soon 
as  the  individual  starts  his  operational  training.  At  that  time  he  will  be  expected  to  carry  out 
operational  manoeuvres  in  such  conditions  without  having  an  adequate  training  lead-in.  In  the  long 
run  it  would  seem  more  effective,  and  indeed  safer,  if  he  had  been  introduced  to  solo  operational 
type  isanoeuvres  in  instrument  conditions  during  his  flying  training. 


' iv  There  is  a continuing  need  throughout  the  aviator's  flying  career  to  aaintain  proficiency  at 

IMC  flight,  which  should  include  all  the  situations  described  in  these  prc^osals. 

I BECOWCmmiOH  (9:1).  All  student  pilots,  both  ailitazy  and  civilian,  should  be  given  an  in-flight 

deaonstration  of  spatial  disorientavion  before  being  allowed  to  fly  'solo'.  (p.30) 

' gECOWESDATIOM  (9:2).  Further  deaonstrations  should  be  given  during  the  early  phases  of  instrunent 

flying  training.  (p.3(9 

RECOMCNPATIOM  (9:3).  Civilian  private  pilots  should  be  encouraged  to  obtain  an  instrument  flying 
rating.  (p.3Cj) 

i 
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RECOMgNDATIOM  (9:4).  Kesearch  and  developnent  should  be  undertaken  to  aake  the  airborne  simulation  of  | 

instnsKnt  flight  looi'e  realistic  by  the  introduction  of  an  eleisent  of  external  visual  search,  as  is 
required  in  certain  phases  of  flying  in  real  Instrusent  Meteorological  Conditions  an-^  in  Variable  Meteoro- 
logical Conditions.  (p.31) 

RECatCNDATION  (9:5).  As  skill  is  acquired  during  instrimient  flying  training  the  student  should  be 
required  to  fly  the  aircraft  and  recover  satisfactorily  from  unusual  attitudes  in  the  presence  of  dis- 
orientation and  other  stresses.  (>.31)  I 

j 

f 

’ RECOMtCSDATIOK  (9:6).  Senior  students  should  be  allcwed  to  do  instrument  flying  in  real,  rather  than  i 

simulated  Instrument  Meteorological  Conditions,  and  should  be  introduced  to  operational  manoeuvres  during 
flying  training,  tdienever  possible.  (p.31)  | 

RECOMMENDATION  (9:7).  Examination  of  the  pilot's  ability  to  recover  on  instrisnents  from  disorienting 
unusual  positions  should  be  a regular  feature  of  flying  proficiency  tests,  (p-32) 


Sect.  10.  THE  DURATION  AND  PHASING  OF  ORIENTATION/DISORIENTATION  TRAINING 

In  view  of  the  wide  differences  in  the  time  devoted  to  orientation/disorientation  training  by  both 
military  and  civil  authorities  in  the  NATO  countries,  the  Working  Group  felt  obliged  to  make  formal 
recommendations  on  sudi  training  programmes.  These  recommendations,  which  represent  the  consensus  of  the 
Working  Group,  are  intended  to  be  guidelines  for  those  in  each  organisation  responsible  for  aircrew  train- 
ing, rather  than  a rigid  formulation  of  training  policy  which  does  not  acknowledge  differences  in  aircrew 
role  or  local  conditions.  The  validation  of  educational  policy  is  difficult,  even  when  the  subject  taught 
is  amenable  to  objective  testing.  When  the  subject  is  disorientation,  and  the  efficacy  of  the  programme 
is  to  be  revealed  only  in  the  unclean  statistics  of  aircraft  accidents,  validation  is  a long  term  exercise 
of  uncertain  outcome.  Nevertheless,  the  inability  to  prove,  in  an  objective  manner,  the  benefits  which 
should  accrue  from  an  implementation  of  the  recosiaendations  made  in  this  report  is  not  a justification  for 
a laissez-faire  policy. 

Table  5 sunmarises  the  Working  Group's  recommendation  for  orient:.tion/disorientation  training  of  both 
military  and  civil  flying  personnel.  The  schedule  proposed  for  all  aircrew  during  basic  training  is 
similar.  Major  differences  arise  only  during  advanced  or  conversion  training  and  subsequent  refresher 
training. 


lAMl.  5 


(SIEHlATIOII/DTSOtllZIlTmai  RECOMSinftllOHS 


Aircrew 

Stage  of  Training 

Ground 

In-FU^t 

Category 

Nature  of  Training 

Duration 

Nature  of  Training 

Ouratiokt 

BASIC 

Military 

Conercial 

Initial  Flying  Training 
< 20  hr 

Lecture  « Film  * 
Deaonatration  or 
faailiariaation 

2 hr 

(1)  Demonstration  't 
indication  of  signifi- 
cance and  required 
action 

15-30  min 

Before  ni^t  flying 

Review  (optional) 

10-15  min 

Recovery  from  unusual 
attitudes  (RUA) 

Until 

proficient 

Before  inatnaient 
flying 

Review  (optional) 

10-15  min 

Inatnaient  flying 
training 

Further  demons tratior 

15  min 

When  proficient  in  IMC 

(2)  Recovery  from 
vnus'ul  attitudes  with 
disorientation  stress 
in  IMC  1 

Until 

proficient 

Private 

Initial  flying  training 

Lecture  or  film  -f 
deamnstration  or 
familiariaation 

^ 30  min 

Demonstration  (as  1) 

15-30  min 

Encouraged  to 

obtain  Instrument 

Rating 

Before  night  flying 

Review 

10-15  min 

RUA 

Until 

proficient 

Inatnaient  flying 
training 

Further  demonstration 
and  RUA  as  (2) 

15  ain 

advanced 

Military 

Advanced  on  opera- 
tional type 

Review  (optional)  * 
lecture  of  special 
problems  on  type 

15-30  min 

IMC  training  (as  2) 
Maintain  IMC  pro- 
ficiency and  practice 

Until 

proficient 

Civil 

Transport 

ditto 

ditto 

ditto 

Demonstration  of 
specific  problems 

REfBESHER  AT  LEAST  EVERY  3 YR 

Military  Sunmary  lecture  or  ^ 1 hr 

Hi^  film,  and  demon- 

Performance  stration  or 

Aircraft  familiarisation 


(3)  A<!sessment  of  pro- 
ficiency at  RUA  with 
disorientation  stress 


Military  A 

Civil 

Transport 


ditto  As  (3)  or  simulator 
assessment 


Private 

Instrument 

Rated 

Not  instru- 
ment Rated 


Encouraged  to 


obtain  Instrument 


ditto  Proficiency  assessed 
(as  3) 


^ 30  min  Demonstration  (as  1) 
(During  biennial 
review) 


15-30  min 


3k 


It  is  coasideted  desirable  that  all  pilots  should  be  proficient  in  recovery  on  instruments  from 
unusual  attitudes  when  exposed  to  disorieotation  stress,  thougli  it  is  acknowledgec  that  pilots  of  heavy 
transport  aircraft  are  unlikely  to  be  exposed  to  this  type  of  perceptual  conflict  during  normal  operations 
other  than  during  severe  turbulence.  Likewise,  it  would  seem  unreasonable  to  deploy  such  an  aircraft  for 
training  in  which  it  was  required  to  execute  atypical  flight  manoeuvre.  Assessment  of  such  pilots  in  a 
saialler  aircraft  was  considered,  as  a desirable  'nd  economically  attractive  alternative,  though  it  does 
raise  problems  related  to  'familiarity  on  type’.  Accordingly,  it  was  concluded  that  this  aspect  of  train- 
ing and  assessment  has,  in  general,  to  be  carried  out  on  a ground  based  simulator  of  the  aircraft  with 
which  the  aviator  is  in  current  flying  practice,  despite  the  lack  of  adequate  disorienting  motion  stimuli. 

In  /iew  of  the  high  incidence  of  orientation  error  accid?"tc  asiongst  private  flyers,  the  Working  Group 
was  particularly  concerned  d>out  Che  training  received  by  these  aviators,  both  in  the  basic  phase  of  the 
progranme  and  in  subsequent  refresher  training.  Table  5 lists  the  recoimended  mini'”’^  duration  of  instruc- 
tion which  private  pilots  should  receive,  but  the  difficulty  lies  in  the  implementation  of  these  recomnend- 
ations  rather  than  in  their  formulation.  In  general,  the  private  flyer  has  no  formal  instruction  on  medical 
problems  in  aviation,  either  during  bafiic  training  or  later  in  his  flying  career,  though  in  some  clubs  lec- 
tures are  given  by  medical  examiners  or  ocher  qualified  personnel.  Likewise,  the  use  of  simple  familiarisa- 
tion devices,  such  as  a manually  operated  spin-chair,  is  purely  a local  matter.  Regular  refresher  training, 
which  in  the  opinion  of  the  Working  Group  should  be  given  at  least  every  three  years,  is  rarely  received  by 
the  private  aviator.  By  chance  he  may  attend  a lecture  or  participate  in  a Flight  Safety  Seminar  where 
disorientation  may  be  discussed,  but  at  present  he  is  under  no  obligation  to  undertake  such  training. 

The  vagaries  and  uncertainties  of  the  ground-school  training  of  the  private  pilot  extend  to  the  flight- 
environment.  He  may  receive  an  in-flight  demonstration  of  disorientation  and  limitations  of  sensory  mech- 
anisms, but  this  is  by  no  means  universal.  In  the  opinion  of  the  Working  Group,  it  behoves  all  instructors 
to  impress  upon  their  pupils,  preferably  by  means  of  a personal  demonstration  in  the  air,  that  adequate 
control  of  the  aircraft  cannot  be  maintained  in  the  absence  ?f  reliable  visual  cues.  A corollary  of  such 
a demonstration  is  to  encourage  all  private  flyers  to  become  proficient  in  instrument  flying  and,  once 
having  acquired  such  skill,  to  maintain  proficiency  by  frequent  and  regular  practice.  Another  corollary 
is  to  impress  upon  all  non-instrument  rated  pilots  the  extreme  danger  of  continuing  flight  into  marginal 
weather  conditions. 

RE COMMEHDAT ION  (10:1).  The  time  devoted  to  orientation/disorientation  training  of  aircrew  during  the 
basic  and  advanced  phases  of  flying  training  should  be  in  accord  with  the  recommendations  made  in  Table  5. 
Refresher  training  should  be  given  at  Intervals  of  not  more  than  3 yr.  (p.3'’) 
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<).2a 

Q.2b 

Q.2c 

Q.2d 

Q.2e 

Q.2f 

Q.3a 

Q.3b 

Q.3c 

Q.3d 

Q.3e 

Q.4a 


Queation 

Oo  aircrew  in  the  Service  Organiaacion  jon  re- 
preaent  receive  any  foiBal  inacroccion  about  the 
probleaa  of  orientation  and  diaorientation  in 
fli^t? 

Are  lectorea  given  to  atndenta  and/or  aircrew 
about  orientation  and  diaorientation  in  fli^tT 


Hbat  topica  are  covered  in  theae  lectorea? 


What  ia  the  tiae  allotted  to  auch  lectorea? 

At  what  atage  in  aircrew  training  are  such  lecturea 
given? 

Are  lecturea  given  to  trained  aircrew? 


When  do  trained  aircrew  receive  lecturea  on  dis- 
orientation? 

Are  students  or  Qualified  aircrew  given  any  demon- 
stration on  the  ground  of  the  illusions  which  siay 
disorientate  them  in  flight? 


What  is  the  form  of  this  demonstration/  familiar- 
isation? 

Do  all  students  have  an  opportunity  to  use  the 
demonstration/familiarisation  device? 

Is  the  demonstration/farailiarisation  repeated 
during  the  aviators  flying  career? 


When  do  trained  aircrew  have  such  a demonstrat- 
ion of  disorientation? 

Are  films  on  orientation  and  disorientation  in 
flight  used  in  the  training  programme? 


Reapooae 

If  Tea  please  indicate  and  go  to 
Q.2. 

If  Bo  please  indicate  and  to  to 
Q.7. 

If  Tea  please  indicate  and  go  to 
Q.2B. 

If  Ho  please  indicate  and  go  to 
Q.3. 

Please  give  syllabus  in  space 
below  or  attached  sheet. 

Please  give  tiae  in  hours. 

Please  give  details  in  space 
below. 

If  Tea  please  indicate  and  go  to 
Q.2f. 

If  Do  please  indicate  and  to  go 
Q.3. 

Please  give  details  in  space 
below. 

If  Yes  please  indicate  and  go  to 
Q.3b. 

If  No  please  indicate  and  go  to 
Q.4. 

Please  give  details. 


Please  indicate  Yes  or  No. 


If  Yes  please  indicate  and  go  to 
Q.3e. 

If  No  please  indicate  and  go  to 
Q.4. 

Please  give  details. 


If  Yes  please  indicate  and  go  to 
Q.4b. 

If  No  please  indicate  and  go  to 
Q.5. 


Q.4b  Miat  la  (an)  tlrt  titla(a)  of  tlie  fila(a)  ohich 
aro  oaadY 


Flcaae  give  title (a)  origin 
and  reference  mnd>er(a)  of  filna. 


Q.4c  Arc  the  f.'lna  need  alone  or  is  eonjimction  with 
lectorea  and/or  dwnnatrational 


Pleaae  give  details. 


Q.Sa  Are  the  problena  asaociatad  with  orientation 

and  disorientation  specifically  denoostrated  in 
the  air  daring  flying  trainiagl 


If  Tea  pleaae  indicate  and  go  to 
Q.5b. 

If  Ho  pleaae  indicate  and  go  to 
Q.7. 


Q.Sb  Hhat  fom  do  these  in-flight  denonstrationa 
take? 


Please  give  details,  including 
the  way  in  which  external  viatial 
cnea  are  excluded. 


Q.Sc  Are  in-flight  denonstrationa  given  to  trained 
aircrew? 


Q.5d  Hhat  is  the  fom  of  such  in-flight  denonstrat- 
iona, and  when  are  they  given? 


If  Tea  please  indicate  and  t{0  to 
Q.5d. 

If  Ho  please  indicate  and  go  to 
Q.7. 

Please  give  details. 


Q.6a  Bow  nany  hours  instrment  flying  practice  (air- 
borne - actual  or  'under  the  hood')  do  students 
receive  during  stages  of  flying  training? 

Q.6b  How  nany  hours  'instrument  flying  (per  nonth/year) 
lust  trained  aircrew  coagilete  in  order  to  nnln- 
tain  their  rating? 

Q.7a  Is  it  the  general  opinion  of  the  Service  you  re- 
present that  the  current  progranne  of  orientation/ 
disorientation  training  is  adequate? 

Q.7b  In  what  way  is  the  training  orograsam  inadequate? 

Q.Sa  Does  your  personal  opinion  differ  from  that  ex- 
pressed in  the  answers  to  Q.7a  and  b? 


Q.Sb  In  what  respect  do  you  consider  the  present 
training  programme  to  be  inadequate? 


Please  give  details. 


Please  give  details. 


If  Yes  please  indicate  and  go  to 
Q.S. 

If  No  please  indicate  and  go  to 
Q.7b. 

Please  give  details. 

If  Yes  please  indicate  and  go  to 
Q.Sb. 

If  No  please  indicate  and  go  to 
Q.9. 

Please  give  details. 


Q.9a  Is  there  any  aspect  in  the  training  and  teaching 
of  aircrew  about  orientation  and  disorientation 
in  flight,  not  already  covered  in  your  answers  to 
Q.1-7,  upon  which  you  wish  to  comment. 


If  Yes  please  indicate  and  go  to 
Q.9b. 

If  No  please  indicate  and  go  to 
Q.IO. 


Q.9b  What  additional  comments  do  you  have? 


Please  give  details. 


Q.IO  Have  you  coiq>leted  this  questionnaire? 


If  Yes  - Thank  you  very  much. 

If  No  - Please  do  so  and  then  ret- 
urn to  Q.IO. 
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or  ytiGHT  PCTsnwm. 

HAIO  Standardisatioc  A(reaMtnt  SXUUG  3114  Edition  5 of  1970  (no  anbaeqaent  aaendaenta) 

Sect.  11.  Sanaory  Phenonaaa  Aaaociated  with  Flight 

a.  Scope 

(1)  Orientation  In  Flight 

(a)  Sole  of  visual  ayaten. 

(b)  Sole  of  vestibular  ayatea. 

(c)  Sole  of  touch  and  klnaeathetic  sensory  systens. 

(d)  Discussion  of  physiological  linitations  of  non^visual  sensory  systens  in  flight. 

(2)  Disorientation  in  Flight 

(a)  Definition. 

(b)  Etiological  factors. 

1.  Cockpit  envi'onnent. 

2.  Conditions  of  flight. 

3.  Individual  differences. 

(c)  Description  of  specific  t3rpes  of  disorientation  and  precipitating  environnental 
factors. 

(d)  Effect  of  sensory  conflict  and  heightened  arousal  on  perfomance . 

(e)  Prevention. 

1.  Habituation. 

2.  Proficiency  in  instruuent  flying. 

b.  Method 

(1)  Lectures. 

(2)  Films. 

(3)  Demonstrations  of  vestibular  illusions. 

Sect.  10.  (Vision)  includes 

(3)  Visual  Perceptions: 

(a)  Autokinetic  illusions  - includes  visual  perception  of  movement. 

(c)  Optical  illusions  - includes  oculogyral  and  oculogravic  illusions. 

II.  PROPOSED  LECTURE  SYLLABUS 

1.  Introduction 

Definition  of  Spatial  Orientation  in  flight,  hence  Spatial  Disorientation. 

Importance  of  correct  percpetlon  of  orientation  in  aircraft  control. 

Spatial  disorientation  jeopardizes  flight  safety  because: 

a.  Control  based  on  false  perception  leads  to  loss  of  control  and  the  'orientation- 
error'  accident. 

b.  Conflicting  orientation  cues  or  abnonsal  sensations  can  heighten  arousal  (some 
may  be  quate  alanning)  and  performance  may  be  impaired. 


I 
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Aircrew  need  to  know. 


«.  Type*  of  illusory  porceptions  oceurrias  ia  fli^t. 

b.  Flight  conditioas  aad  asoocorres  likely  to  iadoce  spetiel  disorientation. 

c.  How  to  cope  with  disorientation  if  and  when  it  occur*. 

1 

2.  Mechswisn  of  Orientation  ia  Flight 

Dependent  iqion  correct  integration  and  interpretation  (perception)  of  sensory  infometion 
froa: 

a.  Eyes. 

b.  Inner  ear,  especially  westibular  part. 

c.  Other  receptor*  in  skin,  capsules  or  joints  and  support!  la  tissues  responding  to  the 
force  eneironaent . 

I 

(b.  and  c.  are  the  'seat  of  the  pants'  sensations)  j 

I 

I 

Vision  is  the  only  reliable  channel  of  inforaation  using  either: 

a.  External  visual  cues,  when  flying  in  Visual  Meteorological  Conditions  (VMC) 

(Syn.  VFR) . 

b.  Internal  visual  cues  frea  instnaents,  when  flying  in  Instruaent  Meteorological 
Conditions  (QfC)  (Syn.  IFR). 

Aviator  has  to  learn  how  to  interpret  cues. 

Interpretation  of  instruaent  cues  is  a aore  recently  learned  and  aore  difficult  task  than 
interpreting  external  cues;  proficiency  has  to  be  maintained  by  practice. 

Non-visual  cues  are  frequently  either  inadequate  or  erroneous  and  do  not  allow  the  aviator 
to  aaintain  a correct  perception  of  aircraft  orientation.  They  do,  however,  assist  the 
pilot  in  sensing  transient  changes  in  aircraft  attitude  and  motion  and  hence  with  visual 
cues  can  contribute  to  correct  orientation  in  flight. 

3.  Mechanism  of  Disorientation  in  Flight 

Caused  either  by: 

a.  Erroneous  or  inadequate  sensory  information  transmitted  to  brain. 

b.  Erroneous  or  inadequate  perception  of  sensory  signals  by  the  brain. 

Input  error 

a.  External  visual; 

Cues  inadequate  as  when  flying  at  high  altitude,  at  night,  in  cloud  or  other  poor 
visibility  conditions. 

Cues  erroneous  (i.e.  departing  from  expectancy)  e.g,  sloping  edge  of  cloud  bank  or 
auroral  display. 

b.  Instruments; 

Inadequate  sensitivity  to  displayed  variable. 

Erroneous  signal  caused  by  malfunction  or  dynamic  limitations. 

Vision  impaired  by  nystagmus,  glare,  flash  etc, 

c.  Vestibular  and  other  receptors: 

Fail  to  indicate  change  in  angular  velocity  or  direction  of  gravity  when  stimulus 
below  'threshold'. 

Semicircular  canals  do  not  signal  sustained  rotation, 

'Erroneous'  signals  are  generated  by  linear  and  angular  acceleration  stimuli  which  differ 
in  time  course  end/or  intensity  from  those  to  which  the  body  is  normally  exposed  on  the 
ground,  e,g,  post-rotary  phenomena,  somatogravic  illusion,  stimulation  of  semicircular 
canals  by  pressure  change  etc. 
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Central  error 


a.  Liaitation  of  span  of  attention-coning  of  attention  or  fascination. 

b.  False  perception  of  cues  because  of: 

Error  in  expectancy  (e.g.  cloud  leans,  soaatic  autokinesis) 

Disturbed  ceiebrtl  function  consequent  to: 

i.  High  arousal  (anxiety) 

ii.  Low  arou'.al 

iii.  Alcohol  and  other  drugs 

iv.  Hypoxia  and  hypocapnia 

V.  Illness 

vi.  Fatigue 

c.  Dissociative  sensations  e.g.  Break-off  Phenonenon 

4.  CoiBonly  Described  Illusions 

a.  False  perception  of  attitude 

i.  'The  Leans'  (sub-threshold  acceleration) 

ii.  SoMstogravlc  illusions  - pitch-up  on  acceleration,  pitch-doun  on  deceleration, 
inversion  during  bunt  ('Jet  upset'  incidents). 

iii.  Misinterpretation  of  visual  cues  - false  horizontal  reference,  ground/sky  con- 
fusion, 'lean  on  the  sun'  illusion. 

iv.  Cross-coupled  and  'g  excess'  illusions. 

b.  False  perception  of  motion 

i.  SoBiatogyral  illusion  - on  recovery  from  prolonged  angular  notion. 

ii.  Sub-threshold  accelerations. 

iii.  Cross-coupled  (Coriolis)  stimulation. 

iv.  Pressure  (Alternobaric)  vertigo. 

b.  Flicker  vertigo  and  other  illusory  sensations  induced  by  moving  viswtl  stimuli 
(waterfall  effect  in  helicopters). 

c.  Dissociative  sensations 

'Break-off  phenomenon. 

5 . Causal  Factor s 


a.  Flight  environment 

i.  I.M.C.  - in  particular  on  transfer  from  external  visual  to  instrument  cues. 

ii.  Night  - isolated  light  sources  enhance  probability  of  oculogravic,  oculogyral  and 
autokinetic  illusions;  ground/sky  confusion. 

iii.  High  altitude  - Dissociative  sensations.  False  horizontal  reference.  Also 
'break-off'  in  helicopters  at  lower  altitudes  or  on  crossing  escarpment. 

iv.  Flight  over  featureless  terrain  - false  pereeption  of  height. 

b.  Flight  manoeuvres 

i.  Prolonged  acceleration  and  deceleration  in  line  of  flight  and  catapult  launches- 
somatogravic  and  oculogravic  illusions. 

ii.  Prolonged  angular  motion  - sustained  motion  not  sensed,  somatogyral  illusions  on 
recovery,  no  sensation  of  bank  during  co-ordinated  turn,  cross-coupled  and  'g 
excess'  illusions  if  head  movement  made  while  turning. 

iii.  Sub-threshold  changes  in  attitude  - 'The  Leans'  induced  on  recovery. 

iv.  Workload  of  flight  manoeuvre  - High  arousal  enhances  disorientation  and  reduces  the 
ability  to  resolve  perceptual  conflict. 

V.  Ascent  or  descent  - Pressure  vertigo. 


Ti.  Clood  penetration  - VHC/BC  transfer  and  attendant  problens;  especially  when  flying 
in  fomation  or  on  breaking  fomation.  'Lean  on  tbe  son*  illnaion. 

Tii.  Low  altitude  borer  - dost  or  water  nay  obscure  external  cues  (VMC/IMC  transfer); 
'waterfall*  illnaion. 

c.  Aircraft  factors 

i.  Inadequate  inatnamts. 

ii.  Inoperatire  instrunenta. 

iii.  Visibility  of  inatrannta. 

ir.  Badly  poaitioned  displays  and  controls  - head  norenent  required  to  see  and 
operate. 

V.  High  rates  of  angular  and  linear  acceleration,  high  annoeurrabili  ty. 

ri.  View  fron  cockpit  - lack  of  risible  aircraft  structure  enhances  'Break-off, 
poor  risual  frane  of  reference. 

d.  Aircrew  factors 

i.  Flight  experience. 

ii.  Training,  experience,  and  proficiency  in  instnaent  flight. 

iii.  Currency  of  flying  practice. 

iv.  Mental  health  - high  arousal  and  anxiety  increases  susceptibility  to  disorientation. 

r.  Physical  health  - upper  respiratory  tract  infection  and  'Pressure  Vertigo'. 

▼i.  Alcohol  and  drugs  - i^>air  nental  function,  also  alcohol  and  barbiturates,  even  at 
low  levels,  iapair  ability  to  suppress  nystagaos. 

Practical  Advice  to  Aircrew 


Prevention 

a.  Resuln  convinced  that  you  cannot  fly  by  the  'seat  of  the  pants'. 

b.  Do  not  allow  control  of  the  aircraft  to  be  based  at  any  tine  on  'seat  of  the  pants' 
sensations  even  when  ‘eaporarlly  deprived  of  visual  cues, 

c.  Do  not  mix  flying  by  Instruments  with  flying  by  external  visual  cues,  unnecessarily. 

d.  Aim  to  make  an  early  transition  to  Instruments  when  flying  In  poor  visibility  etc;  once 
established  keep  on  instruments  until  external  cues  are  unambiguous. 

e.  Maintain  a high  proficiency  and  be  in  practice  at  flight  in  IMC. 

f.  Avoid  unnecessary  manoeuvres  of  aircraft  or  head  movements  which  are  known  to  Induce 
disorientation. 

g.  Be  particularly  vigilant  in  high  risk  situations,  such  as  at  night  and  weather,  in  order 
to  maintain  intelluctual  command  of  the  orientation  and  position  of  the  aircraft. 

h.  Do  not  fly  with  an  upper  respiratory  tract  infection  (URTI),  when  under  the  influence  of 
drugs  or  alcohol  or  when  mentally  or  physically  debilitated. 

i.  Remember,  experience  does  not  make  you  limiune. 

How  to  cope  with  disorientation 

a.  Persistent  minor  disorientation  conflict  (e.g.  the  Leans)  may  be  dispelled  by  making  a 
positive  effort  to  redirect  attention  to  other  aspects  of  the  flying  task;  a quick  shak'  of 
the  head,  provided  aircraft  is  straight  and  level,  is  effective  with  some  pilots. 

b.  When  suddenly  confronted  by  strong  illusory  sensations  or  difficulties  are  experienced 
in  establishing  orientation  and  control  of  the  aircraft. 

i.  Get  on  to  instruments;  check  and  cross  check.  Ensure  good  instrument  illumination. 

ii.  Maintain  instrument  reference.  Control  the  aircraft  in  order  to  make  the  instruments 
display  the  desired  flight  configuration.  Do  not  attempt  to  mix  flight  by  external  visual 
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reference*  with  inacnaent  flight  tmcll  external  xiaul  cue*  are  unaabiguou*. 
ill.  Maintain  correct  inatrunent  acan;  do  not  oait  altiaeter. 

ir.  Seek  help  if  severe  disorientation  persists.  Hand  over  to  co-pilot  (if  present), 
call  ground  controller  and  other  aircraft,  check  altijMter. 

V.  If  control  cannot  be  regained,  abandon  aircraft. 

c.  teaeaber:  nearly  all  disorientation  is  a noiaal  response  Co  Che  unnatural  environaenc 

of  flight.  If  you  have  been  alaraed  by  a.  flight  incident  discuss  it  with  colleagues,  includ- 
ing your  aedical  officer  or  Flight  Surgeon.  Tour  experience  will  probably  not  be  as  unusual 
as  you  thought. 
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ASSKSSMEBT  OF  FILMS  AMD  SL1I«S  TOR  OMKHTmOH  TRAIHIMG 
Of  MILITARI  PILOTS 

by 

K.E.  Money  and  E.E.  Malcola 
iKMttSI  AMD  COHODSIOHS 
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Fourteen  novie  filas  and  three  elide  aeta  were  atudied  and  aaaeaaed  for  their  effectiweneaa  in 
teaching  ailitary  pilota  to  cope  with  diaorientation  problcaa.  It  waa  concli:ded  that  two  filaa,  'Percep- 
tion of  Orientation*  (RCAF)  and  'Dpaet*  (FAA),  and  one  elide  aet  'Vertigo*  (FAA)  collectively  contain 
■oat  of  the  relevant  infonation  that  ia  available  in  vianal-aid  fon.  Eiqioaure  to  theae  three  aide  ia 
recoanended  aa  a worthwhile  part  of  orientation  training  for  military  pilota. 

I.  MOVIE  FILMS 


The  noviea  were  rated  on  a 4 point  acale  aa  very  good,  good,  fair,  or  unauiteble.  The  ratinga  refer 
only  to  effectiveneaa  in  orientation  training  in  nilitary  pilota  who  are  inatmKnt  rated  or  receiving 
inatrunent  flying  training.  Some  filna  were  conaidered  excellent  for  teaching  non-inatnaent  rated 
private  pilota  but  totally  unauitable  for  ailitary  pilota;  other  filna  were  obvioualy  effective  aa 
general  introductiona  to  aviation  nedicine  but  not  adequate  for  orientation  training  apecifically.  The 
noviea  are  all  16  on  with  Engliah  aound  track. 


1.  'Pilot  Vertigo' 


RATING:  GOOD 


United  Stagea  Air  Force  training  film  5689,  FLC  - 22  - 
0033  (24  nine). 

The  fila  ia  not  acientifically  aound,  but  ita  practical 
advice  ia  nevertheleaa  correct. 


2.  'Freedom  in  Flight' 
RATING:  GOOD 


3.  'Stable  and  Safe' 
RATING:  FAIR 


Moody  Inatitute  of  Science  Film  (29  mine). 

The  film  implied  that  pilota  should  have  faith  in 
attitude  inatrumenta  aa  they  have  faith  in  God;  this  may 
not  be  good  advice  for  some  pilota. 

FAA,  FA  - 704  (20  mins) 

The  film  ia  intended  for  pilota  who  are  not  instrument 
rated. 


4.  'Rx  for  Flight' 
RATING:  FAIR 


FAA,  FA  - 606  (20  mins) 

The  film  is  a general  introduction  to  aviation  med- 
icine for  civilian  student  pilots. 


5.  'One  Eye  on  the  Instruments' 
RATING:  FAIR 


FAA,  FA  - 209  (16  mins) 

The  film  is  an  introduction  to  instrument  flying  and 
disorientation  for  civilian  student  pilots. 


6.  'Disorientation  Crashes' 
RATING:  FAIR 


USN,  HN  43S3C  (5  mins) 

The  film  is  very  brief  and  very  elementary. 


7.  Spatial  Disorientation  in  Flight' 
RATING:  GOOD 


USAF  MV  9604  (16  mins) 

The  film  is  directly  on  topic  and  describes  disorien- 
tation well,  but  it-  ijives  insufficient  emphasis  on 
how  the  pilot  should  cope. 
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'Percapcion  of  Orientation' 
■AXING:  VERT  GOOD 


■CAP  22025  (37  sins). 

This  film  is  probably  the  best  one  STsilable  for  an 
overall  eaaai nation  of  the  topic. 


9.  'Opset* 

RATING:  VERT  GOOD 


PAA,  PA  611  (45  Bins) . 

This  film  describes  the  'jet  upset'  phenoaenon  and 
bow  to  avoid  it  and  it  is  the  only  film  to  do  so. 


10.  'Medical  Pacts  for  Pilots' 


FAA,  FA-Ol-70  (25  nins). 

The  film  was  booked  up  for  aonths  in  advance  so  that 
we  were  unable  to  see  it. 


11. 


'Vision  in  Military  Aviation-Illusions' 
RATING:  UNSUITABLE 


USN,  MN  9480  B 

The  filn  has  several  iaportant  scientific  errors. 


12. 


'Vision  in  Military  Aviation  - Sense  of  Sight'  USN,  MN  9480  A 

RATING:  UNSUITABLE  The  filn  is  not  relevant. 


13. 


14. 


'Vision  in  Military  Aviation  - In  flight  Recognition  and  Closure. 

DSN.  MN  9480  C 

RATING:  UNSUITABLE  The  filn  is  not  on  topic. 

'Vision  in  Military  Aviation  - Errors  in  Vision' 

USN,  MN  9480  D 

RATING:  UNSUITABLE  The  film  is  not  relevant  and  does  not  even  do  a 

good  job  of  teaching  vision. 


15.  'Disorientation' 
RAIiNG:  FAIR 


FAA,  FA-09-73  (19  nins). 

The  filn  is  intended  for  private  pilots. 


None  of  the  films  gave  sufficient  emphasis  to  what  the  pilot  should  do  when  he  recognises  or  suspects 
disorientation.  Some  of  the  films  gave  the  (correct)  instruction  'believe  your  instruments',  but  they 
gave  it  quietly,  and  only  once  or  twice.  It  should  be  given  loudly  and  repeatedly.  This  instruction  Is 
probably  adequate  except  when  panic  reigns;  it  should  probably  be  augmented  by  the  instruction;  'control 
the  aircraft  to  make  the  flight  instruments  read  correctly,  regardless  of  your  sensation  of  aircraft 
attitude.'  The  point  here  is  that  a panic-stricken  pilot  who  can  only  remember  'believe  the  instruments' 
might  concentrate  on  believing  them  while  he  stops  flying  or  continues  to  fly  only  according  to  his 
sensations,  whereas  a pilot  who  can  remember  only  'make  the  instruments  read  correctly'  will  be  control- 
ling the  aircraft  to  make  the  instruments  read  correctly.  It  is  probably  important  that  student  pilots 
never  hear  about  disorientation  without  hearing  the  instructions  for  dealing  with  it. 


It  is  recommended  that  the  films  'Perception  of  Orientation'  (RCAF)  and  'Upset'  (FAA)  both  be  shown 
to  military  aircrew  as  part  of  their  disorientation  training.  It  appears  that  most  of  what  one  might  hope 
to  accomplish  in  this  area  can  be  accomplished  by  showing  these  two.  It  might  be  possible  to  make  a 
better  film  by  adding  in  parts  of  other  films  and  by  adding  some  illustrative  material  not  available  in 
films,  but  the  increase  in  effectiveness,  over  showing  only  the  two  recommended  films,  would  be  slight. 

The  lecturer  should  repeat  the  instructions  for  dealing  with  disorientation. 


II.  SETS  OF  SLIDES 


Three  sets  of  slides  were  examined.  The  'USAF  SAM  Spatial  Disorientation  Lecture  Kit'  (sometimes 
called  'the  Gillingham  USAF'  kit)  is  excellent  but  it  is  intended  for  medical  officers  and  could  not 
easily  be  used  for  teaching  aircrew.  The  slides  in  the  second  kit,  the  'USAF  SAM  Spatial  Disorientation 
Hazards  Training  Kit'  cover  most  of  the  vital  points  but  it  was  felt  that  a strong  lecturer  would  be 


needed  to  be  effective  with  this  set,  aince  aany  eaaentlal  details  are  not  presented.  For  a brief 
presentation  this  set  would  seen  to  be  beat,  and  the  kit  includes  a script.  The  third  set,  the  FAA 
'Vertigo'  set,  is  apparently  based  on  the  Gillinghan  set  but  the  'Vertigo'  set  is  sinpler  and  would  be 
better  than  the  Gillinghan  set  for  instructing  pilots.  For  a co^>rehensive  presentation  to  pilots,  the 
FAA  'Vertigo'  slides  are  the  I of  the  three  sets  assessed. 

III.  PBDCUREieilT 


Most  of  the  aovies  and  slide  sets  can  be  borrowi4  or  purchased.  Enquiry  can  be  nade  at  one  of  the 
following  addresites: 

FAA  Filji  Library  AC-44. 5 
Federal  Aviation  Adainistration 
P.O.  Box  25082 

OklahoM  City,  Oklahosa  7312S 
D.S.A. 

USAF  School  of  Aerospace  Medicine  (For  novies  1 and  7,  and  for  USAF  slide  sets). 

Aerospace  Medical  Division,  AFSC, 

Brooks  Air  Force  Base,  Texas  78235 
U.S.A. 


(For  novies  3,  4,  5,  9,  10,  and  15  and  the  FAA  slide 
set). 


OSAF  Central  Audio  Visual  Library  (For  novies  1 and  7) 

AF  Audio  ” iual  Center 

Norton 

California  92409 
'J.S.A. 


National  Defence  Headquarters  (For  novle  8) 

Ottawa,  Ontario, 

Canada 
KU  0K2 

Attention:  National  Defence  Film  Bureau 

Moody  Institute  of  Science  Films  (For  movie  2) 

Moody  Institute  of  Science 

12,000  E.  Washington  Blvd 

Whittier,  California  90606 

U.S.A. 


by  Dr  ? E Giiedry  and  Lt  T O'Leary  USH 


Tba  porpoae  of  this  trainer  ia  to  denonatrate  aeveral  kinds  of  disorientation  which  c:an  occur  in 
flight,  to  illustrate  the  fact  that  any  nomal  pilot  is  subject  to  these  disorienting  effects  and  to 
illustrate  sons  of  the  ways  disorientation  can  be  controlled.  The  objective  is  to  augnent  training 
which  is  otherwise  given  in  lectures  and  in  fli^t.  It  is  intended  as  a denonatration  and  not  as  a neans 
of  producing  habituation  to  disorienting  conditions.  It  is  not  reconnended  to  design  a trainer  which 
will  double  as  a research  tool  because  the  price  of  the  device  would  increase  considerably. 

GEMEKAL  DESCRXPTION 

The  device  is  a circular  platfom  with  a vertical  axis  of  rotation  and  an  overall  radius  of  7.5 
feet.  The  device,  as  shown  diagraanatically  in  Tig.  1,  will  acconnodate  12  trainees,  though  it  need  not 
necessarily  have  this  capacity.  Each  trainee  will  be  seated  in  a circular  capsule  capable  of  rotating 
90  deg,  relative  to  the  nain  platfom,  about  a vertical  axis  displaced  6.0  feet  fron  the  center  of  the 
Bain  platfom.  In  the  initial  orientation,  trainees  would  face  tangentially  looking  in  the  direction  of 
rotation,  and  the  head  would  be  at  a radius  of  6 feet.  The  90-deg  rotation  would  place  the  trainees  in 
a second  orientation  facing  direct! 7 outboard  with  the  head  at  a radius  of  about  5.5  feet. 


A.  Rotation  Characteristics  of  Main  Platfom 

1.  MaxiiauB  rotation  velocity  to  be  15  rpu  (90  deg/sec)  in  either  CW  or  CCW  direction.  Velocity 
should  be  constant,  ± 1 deg/ sec.  Speed  changes  due  to  changes  in  the  moment  of  inertia  should  not  be 
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corrected  by  oecillatory  bunting  for  the  present  speed,  but  rather  by  highly  dsaped  recovery.  Such 
changes  should  be  Biniaized  by  reducing  inertia  changes,  rather  than  by  expensive  close-loop  drive 

systeas. 


2.  The  angular  acceleration  need  not  be  sbsolutely  constant  either  in  attaining  speed  or  in 

stopping,  but  speed  changes  should  be  sccoaplished  in  a repeatable  aanner  without  jerks.  A 90  deg/sec 

2 

speed  change  sho’.td  be  accoaplisbed  in  6 sec  or  less  (ie  15  deg/sec  );  however,  aean  angular  acceleration 

2 

should  not  exceed  30  deg/sec  . 

B.  Characteristics  of  Capsule 

1.  The  capsule  should  be  capable  of  a 9C  deg  heading  change.  This  change  should  be  siaooth  and 
accoaplisbed  in  about  10  sec. 

2.  A siaulated  instruaent  pane]  with 

a)  A vertical  Itsiinous  line  which  the  trainee  can  adjust  to  apparent  vertical:  either  when 

the  line  is  siaply  offset  in  the  YZ  plane  or  optionally  when  it  is  driven  by  a slow  sinusoidal 
driving  function. 

b.  A vertical  series  of  lights  with  a control  stick  determining  which  light  is  lit. 

3.  The  overhead  capsule  lighting  should  be  externally  controllable  and  monitored. 

4.  Two-way  voice  communication  between  trainee  and  instructor  should  be  provided. 

5.  Head  move-^ants  of  the  trainee  should  be  monitored,  either  by  a position-indicetitg  device  or 
TV  monitor. 

6.  Au  arrangement  for  removing  a cover  on  the  capsule  windshield  to  provide  externel  view. 

7.  A circular  external  surround  with  an  artificial  horizon  slightly  below  the  trainee's  eye 
level . 

OUTLINE  PROTOCOL  OF  TRAINING  SCHEDULE 

1.  Place  all  trainees  in  capsule  and  indicate  that  rotation  is  about  to  start.  Darken  the 
capsule  interior  except  for  one  small  light.  Move  main  platform  a li.ttle  and  have  each  trainee  poised 
to  signal  onset  of  rotation.  Allow  about  90  sec  for  autokinetic  and  autogyral  effects  to  occur.  Note 
signals  from  trainees  and  mention  that  most  resulted  from  autokinetic  and  autogyral  effects.  Point 

out  that  some  trainees  saw  the  light  move;  others  felt  the  entire  capsule  move;  i.e.  indicate  that  both 
subjective  and  objective  autokinesis  occur. 

2.  Accelerate  to  15  rpm,  instructing  trainee  to  note  turning  sensation  and  to  signal  when  it 
stops.  Allow  60  sec.  Explain  end  of  sensation. 

3.  Illuminate  vertical  line  and  have  trainee  adjust  to  apparent  vertical,  describe  the  forces 
involved  in  the  somatogravic  and  oculogravic  illusions.  Illuminate  capsule  to  show  setting  relative  to 
gravitational  vertical.  Provide  an  accurate  true  gravity  reference.  Allow  60  sec. 

4.  Darken  capsule  except  for  panel  lights,  dake  tilt  and  return  head  movement  to  demonstrate 
Coriolis  coupling  effects.  (Trainee  could  be  required  to  lean  to  side  in  order  to  see  digits,  rather 
than  have  a head  monitoring  system).  Explain  effect.  (Possible  demonstration  of  inadvertent  stick 
movement  during  head  movement.)  Check  for  motion  sickness  and  instruct  trainee  appropriately. 
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5.  Eot«t«  c^aule  90  d*g  fees  twigtiitial  to  outboard  btodiag.  Coaid  bo  accoaplidiad  by  band 
craok.  Continue  explanation  of  Coriolia  phtnonnon.  After  30  ace,  bare  trainee  nae  vertical  aeriea  of 
ligbta  to  locate  apparent  horizon.  Leave  aetting  as  it  ia.  Then  nalce  tw>  head  ■avenenta  to  again 
denonatrate  Coriolia  coupling. 

6.  Provide  external  view.  Illoatrate  error  in  horizon  aetting.  Check  for  antion  aickneaa  and 
instruct  appropriately.  Further  explain  ocnlogravic  illoaion.  Kepeat  prevlona  bead  noveaents  to  denon- 
atrate  the  redaction  of  Coriolia  coupling  effect  with  external  view. 

7.  Close  capsule.  Decelerate  to  7.5  rpa  with  capsule  illiainated.  Provide  external  view  to 
illustrate  error  in  taming  sensation.  Close  capsule,  turnoff  all  lights.  Decelerate  to  atop.  Open 
capsule  2 sec  after  atop.  Ei^lain  oculogyral  illusion.  Explain  effect  of  external  reference. 

8.  Give  ejq>lanation  in  darkness  with  suggeations  appropriate  for  the  inducation  of  autokinetic 
phenonenon . 

The  deaonstration  will  provoke  a nuaber  of  questions  and  will  notivate  a considerable  interest  in 
the  subject  natter.  For  this  reason,  the  denonstration  should  be  introduced  by  a brief  lecture  on  dis- 
orientation and  followed  by  a nore  conplete  lecture  on  disorientation  including  a question  and  answer 
period.  The  deaonstration  can  be  coiqileted  in  10  nin. 

POINTS  DEMONSTRATED 

1.  Visual  and  sooatic  autokinesis. 

2.  Oculogyral  and  somatogyrel  illusions  on  angular  acceleration  and  deceleration. 

3.  Coriolis  coupling  effects. 

4.  Oculogravic  and  somatogravic  illusions. 

5.  Effects  of  external  view  on  vestibular  'illusions'. 

6.  Effect  of  head  movement  on  inadvertent  control  stick  movement  (possibility). 

7.  The  demonstration  can  be  used  to  explain  how  many  of  the  illusions  experienced  in  flight  are 
normal  responses  to  unnatural  stimuli,  though  the  autokinetic  effects  show  how  errors  can  occur  even  in 
the  absence  of  unusual  angular  or  linear  accelerations.  Practical  advice,  on  how  to  deal  with  spatial 
discrientation  in  the  flight  environment,  can  be  coupled  with  explanations  of  the  specific  illusions 
reported  by  the  students. 
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ni-FLIGHT  BEMMSmTIOi  Of  SPATIAL  DISCTtmrUTIOM 


Schedule  based  oo  tedmiques  developed  by  Lcs  W S Crawford 
and  H F Davis.  MC  DSI.  VF-126  5er  136  of  26  March  1967 

Flight  Manoeuvres  in  TF-90  Aircraft  to  Peaoastrate  Disorientation 

1.  Straight  and  level  for  at  least  IS  seconds;  saootfa  level  tom  to  left  for  90**  standard  rate  turn; 
then  increase  bank  enough  to  pull  l)-2  G (Sensation:  dishing). 

2.  Strai^t  and  level  for  at  least  IS  seconds;  pnt  in  skid,  hold  for  IS  stcoods,  rase  out  of  skid 
(Sensation:  skid  or  bank  in  opposite  direction) . 

3.  Strai^t  and  level  for  at  least  IS  seconds;  snooth  level  turn  to  ri^r  for  90°  standard  rate  turn; 
then  increase  bank  enough  to  pull  2)  G;  have  hia  look  down  at  right  console  (into  the  turn);  hold  for 
10  seconds;  then  face  instrtaent  panel.  Head  aovesents  imst  be  rapid  (Sensation:  change  of  attitude 
(variable)  dua  to  "G"  excess  and  cross  coupled  stinulation) . 

4.  Straight  and  level  for  at  least  IS  seconds;  naintain  level  flight;  decelerate  as  rapidly  as  possible 
with  power  and  speed  brakes  (Sensation:  diving). 

5.  Ease  nose  over  to  about  20°  below  the  horizon;  accelerate  rapidly;  2 G pitch-up  to  about  4S°  above 
the  horizon:  i G’  over-the-top  recovery  (Sensation;  inverted  as  continuing  a loop  or  tisd>ling  or  rolling 
as  coming  out  of  { Cuban  eight) . 

Procedure 


The  student  (back-seat)  pilot  is  briefed  on  the  following  points: 

a.  This  portion  of  the  flight  is  to  demonstrate  the  unreliability  of  the  balance  mechanism 
(vestibular)  and  body  position  (proprioceptive)  sensations  and  to  convince  the  pilot  he  must 
constantly  monitor  and  believe  his  instruments. 

b.  It  is  a smooth,  insidious,  typical  'vertigo',  not  the  accustomed,  violent  manoeuvring,  which  is 
expected  during  unusual  attitude  manoeuvres  and  causes  unorientation  rather  than  disorientation. 

c.  Give  3 running  commentary  over  the  aircraft  communication  system  cf  positional  sensations/ 
attitudes  encountered  (pitch,  roll,  yaw). 

d.  Sit  straight  and  keep  eyes  closed  until  the  instructor  pilot  (IP)  says  to  open  them. 

e.  Hood  will  be  utilised  to  eliminate  sun  cues.  If  sun  is  not  a factor,  hood  will  be  down  for 
faster  orientation  when  told  to  open  eyes. 


The  IP  flies  through  the  manoeuvres  and  continues  each  of  them  until  the  desired  responses  are 
attained  at  which  time  he  immediately  tells  the  back  seat  pilot  to  open  his  eyes.  In  all  cases  disorien- 
tation has  proven  to  be  rather  rapid,  and  though  not  all  responses  are  identical,  the  manoeuvres  produced 
the  desired  illusions. 


The  demonstration  is  made  on  three  flights.  On  the  first,  the  flight  manoeuvres  outlined  above  are 
performed.  On  the  second,  the  student  pilot,  under  the  hood,  is  required  to  fly  simple  manoeuvres  with 
eyes  closed,  namely:- 


i. 


a.  Stzai|)it  aad  lead  Cor  15-20  seconda. 


b.  Scaodard  rate  tom  tbroogh  90°  aad  ^ea  straisht  aad  lead. 

Ibe  stodeat  opeaa  hia  eyea  oa  coMaad  from  the  iaacractor  aad  zeooaera  to  atrai|bt  aad  lead  fli|bt  oa 
iaatxweata  - with  the  aid  of  the  iaacractor  if  aeoeaaary. 

Oa  the  third  flight,  roll  txeacaeat  ia  fiaea.  Ihia  iacludea  deaoaatratioaa  anch  aa  haaiog  the  hooded 
pilot  aioolace  r*»ngiiig  chaaoela  oa  the  radio,  aoiae,  pieaanriaatioa  aad  ceaperatare  floctoatioaa,  etc. 

Ibe  iaacractor  baa  the  optioa  of  flyiog  iato  the  aaaoeuare  of  allowiag  the  hooded  pilot  to  do  ao,  or  both. 

Partial  paoel  ia  utiliaed  for  aoae  of  the  diaorieatatioa  practice.  The  ciae  required  for  thia  traio- 
iag  aariea  depeadiag  upoo  the  reapooaea  attaioed  aad  proficiency  diaplayed. 
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AWEI  P.2 

M^IGHI  BgMOIISTMTIOB  Ot  SPATIAL  DISORIElilAIIOB 
Schedule  baaed  on  DSAF  practi>:e 

Start  all  ■nnoeorrea  with  atudeat'a  eyes  cloaed 

1.  Scnaation:  eliding  while  turning. 

Inatructions:  Make  90-degree  turn  of  about  1)  C.  (The  roll  into  the  turn  Bust  be  inperceptible. 

The  application  of  G-forcea  in  this  circiastance  suggests  to  the  trainee  that  a nose-up  change  of  attitude 
is  being  acco^lished.) 

2.  Sensation:  diving  during  turn  recovery. 

Instructions:  Make  90-degree  turn  of  about  1)  G;  student  opens  eyes  about  half-way  through  recovery. 
(During  the  1}  G turn,  the  studect  adapts  to  the  above-nomal  G-loading,  so  that  as  the  excess  G-force  is 
reaoved,  he  falsely  senses  nose-down  change  in  pitch.) 

3.  Sensation:  tilting  to  right  or  left. 

Instructions:  execute  slight  skid  to  left  froa  strai^t  and  level  flight.  (The  skid  changes  the 
direction  of  the  net  gravitoinertial  vector,  with  the  result  that  the  student  falsely  perceives  hiaself  to 
be  tilted  relative  to  the  earth's  gravity-force  vector.) 

4.  Sensation:  reversal  of  notion. 

Instructions:  Hold  nose  level  and  on  a point,  while  rolling  to  45-degree  banked  attitude.  (The 
illusion  generated  here  is  the  leans.  The  action  usually  generated  by  this  manoeuvre  is  one  of  a sub- 
threshold roll  followed  by  e.  sudden  stop:  the  trainee  is  left  with  a sensation  that  he  has  rolled  in  the 
direction  of  the  angular  acceleration  generated  by  the  stop,  which  is  opposite  in  direction  to  the  roll 
that  was  actually  accoi^)lished  by  the  initial,  s:d>-threshold  acceleration.) 

5.  Sensation:  diving  or  rolling  beyond  vertical. 

Instructions:  During  a coordinated  30-degree  to  4S-degree  banked  turn,  lower  head,  look  to  right  or 
left,  and  isrsediately  assume  normal  seated  position.  (This  is  an  attempt  to  generate  the  coriolis  or 
G-excess  phenomenon.) 

6.  Sensation:  dishing 

Instructions:  Maintain  straight  and  level  flight  and  increase  airspeed.  (The  illusion  created  is  the 
somatogravic  illusion;  it  can  be  generated  very  effectively  in  the  T-38  during  application  of  afterburner.) 


n-fLICHI  nST  Of  IMMOEPmS  TOK  IBWISTMTIOW 
OF  SPATIAL  DISOKIEinATIOH 


A ptelimnaiy  report 

by 

Major  Chr.  Henning,  OSA?  GAF 

The  folloiring  aanoeuvres  have  been  test-flown  in  order  to  assess  their  suitability  for  the  in-fli^t 
denonstration  of  spatial  disorientation.  In  general  the  aanoeuvres  have  been  perforaed  out  of  typical 
instnsKnt  flying  pbaaes.  The  fligjht  characteristics  of  these  phases  have  been  set  up,  and  were  kept  for 
a certain  tiae,  corresponding  with  or  being  higgler  than  the  adaptation  tine  of  the  vestibular  apparatus 
to  steady  notions.  Out  of  the  thus  established  conditions  the  "action  part”  of  each  nanoeuvre  took  place. 
The  intended  siaolation  of  each  action  part  will  be  explained  in  the  following  descriptions  of  the 
manoeuvres. 

METHOD 

The  test  aircraft  was  a two  seat  jet  trainer,  the  Fiat  G91  fighter-boAer.  All  manoeuvres  were  flown 
in  Visual  Meteorological  Conditions  under  an  overcast  cloud  layer  in  order  to  avoid  moving  shadows  inside 
the  hooded  rear  cockpit.  In  all,  three  sorties  were  flown  and  in  each  several  manoeuvres  were  executed 
two  or  three  times.  Some  were  not  repeated  in  the  third  sortie,  due  to  negative  results  in  the  two  pre- 
ceding trials.  During  the  first  and  second  sorties  the  author,  who  himself  possesses  a standard-rated 
pilot  qualification,  acted  as  the  test  subject  in  tl^  rear  cockpit.  On  the  third  sortie  a senior  pilot 
with  a check-pilot  qualification,  was  the  subject. 

Manoeuvre  Ho  1;  This  was  a clinbins  turn  of  a normal  SID  of  at  least  180°  of  turn  or  more. 

Flight  characteristics:  IAS  350  knots  - steady 

Bank  3C°  - steady 
Power  lOOX  RPM 

Action:  1.  Power  idle 

2.  Wings  level 

3.  Smooth  power  adjustment  (just  to  maintain  a climb,  airspeed  slowly 

decreasing) . 

The  action  was  to  simulate  the  situation  of  a wing  man  in  a two  ship  formation  who,  on  losing  sight  of  his 
leader,  has  to  apply  "Power  back"  and  "Level  the  wings"  in  order  to  avoid  a collision.  If  this  should 
happen,  the  flight  situation  for  the  pilot  would  be  unexpected  and  perhaps  not  recoverable  by  routine 
actions.  He  might  be  distracted  from  his  instruments  anu  become  disorientated  by  the  emergency  manoeuvre. 

Manoeuvre  No  2:  This  simulated  normal  instrument  take-off,  being  already  airborne,  but  still 

within  the  take-off  danger  envelope  for  jet  aircraft,  i.e.  below  250  IAS 
and  lower  than  1000  ft. 

Flight  characteristics:  IAS  200-250  knots  increasing  - straight  and  level  flight. 

Power  lOOZ 

A'.tion;  Power  back  (on  one  of  trials  back  to  Idle,  on  two  back  to  65Z  PPM). 

Keep  level  flight  without  power  adjustment. 

T!ie  Bisaoe  -vre  differed  from  the  real  take-off  situation  as  no  climb  was  established  and  level  fli^t  was 
maintained,  thus  a higher  acceleration  was  achieved  which  on  interruption  should  induce  the  expected 
spatial  disorientation.  The  action  was  to  simulate  a sudden  power  loss,  or  even  flame-out,  of  the  engine. 
Possible  attempts  by  the  pilot  to  fly  the  aircraft  might  induce  the  expected  somatogravic  illusion  of  a 
nose-down  change  in  attitude,  with  a consequent  pulling  of  the  stick  and  stalling  the  aircraft. 
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Mmoeime  »o  3; 


Fli^t  chazacteristica: 
Actioa:  i. 

ii. 


Thia  aianlaced  a sadden  sad  pectispa  miprepsied  entry  into  clouds  tram 
uiausl  flight  conditions. 

Leuel  tom  with  30*’  of  bank,  lasting  180°  (tvice)  and  90°  (once). 

Quidc  closure  of  the  hood  (rear  cockpit) 

10  sec  later:  zou^ly  wings  lewel. 

Quid:  closure  of  the  hood  (rear  codipit 
10  sec  later : snoothly  wings  lewel . 


Ibe  action  was  to  sinulate  the  transfer  fron  external  visual  cues  to  instruKnt  cues.  During  this  phase 
the  pilot  any  becone  disorientated  because  be  accepts  subjective  orientation  infomation  before  he  has 
fully  interpreted  the  fli^t  instrwents. 


Manoeuvre  Bo  *:  This  was  an  "arc-to-radial-interception”. 

Flight  characteristics:  Homal  arc  flying  procedure:  10°  strai^t  and  level,  10°  level  turn  changing 

at  least  three  tines  along  the  arc. 

Action:  Out  of  the  last  turn  and  increase  to  45°  of  bank  of  turn  (naintaining  always 

level  flight) . 

The  nanoeuvre  was  like  that  which  occurs  when  a pilot  finds  that  be  is  overshooting  the  detemined  radial. 
The  increased-g-load  was  supposed  to  produce  a false  nosj  up  sensation  in  the  turn  or  nose  down  sensation 
after  the  turn.  None  of  these  feelings  occurred.  This  can  be  explained  by  the  relatively  snail  g-load 
increase,  when  bank  is  increased  free  30°  to  45°,  and  the  negligible  change  in  the  direction  of  the  resul- 
tant acceleration  vector  relative  to  the  pilot. 


Manoeuvre  No  5: 


Flight  characteristics: 


Action:  i. 


This  was  sisular  to  flying  in  a holding  pattern  for  a high  level  jet 
penetration. 

IAS  250  knots,  bank  30°  for  a 180°  level  turn  (3°/sec).  The  test  person 
mved  his  head,  and  kept  it  turned  and  bent  down,  to  the  left  side  panel 
throughout  the  turn. 

The  test  person  quickly  brought  his  head  back  to  the  nonoal  uprif^t  position. 


11. 


As  above,  but,  when  the  head  moveinent  was  made  the  pilot  quidcly  recovered 
from  the  turn  and  levelled  the  wings  of  the  aircraft. 


Both  actions  (i  and  ii)  were  intended  to  simulate  cockpit  work  involving  movement  of  the  head,  as  on 
changing  frequency,  reading  the  let  down  plate,  etc.  Action  ii  was  considered  to  generate  a more  complex 
cross-coupled  (Coriolis)  stimulus. 


RESULTS 


Manoeuvre  No  1 was  executed  5 times.  Every  time  it  consistently  produced  erroneous  sensations  which 
were:  (a)  being  banked  in  the  roll-out  direction,  (b)  after  5-10  sec  a nose-down  change  in  attitude  which 
was  sustained  as  long  as  the  clisf)  after  a smooth  power  adjustment  was  maintained  (approx  30  sec). 

Manoeuvre  No  2 was  flown  three  times  during  the  first  and  second  mission  only  once  did  a positive  but 
weak  disorientating  sensation  develop  when  the  power  was  rapidly  pulled  back  to  idle,  and  this  disappeared 
as  soon  as  the  necessary  power  adjustment  was  made  to  keep  level  flight. 

The  two  variants  of  manoeuvre  No  3 were  each  flown  3 times.  The  sensation  produced  by  the  action  ii 
was  a feeling  of  bank  in  the  roll-out  direction  for  about  20-30  sec.  With  action  ii  no  change  in  apparent 
attitude  was  induced.  When  the  hood  was  closed  after  the  aircraft  had  turned  through  90°,  the  sensation 
of  continued  turn  persisted.  However,  when  hood  closure  was  made  after  180°  of  the  turn  the  subject  felt 
that  the  aircraft  was  in  a wings-level  attitude. 


